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Foreword 


I  am  honored  to  have  been  asked  by  Professor  RK  Mishra  to  write  the  foreword  to  his  Textbook 
of  Practical  Laparoscopic  Surgery.  Less  than  twenty  years  ago,  laparoscopy  was  a  revolutionary 
technology  available  in  a  few  select  centers  for  which  indications  were  unclear  at  best.  Now 
laparoscopy  is  the  preferred  method  of  surgery  for  a  wide  range  of  pathology  ranging  from 
cholecystitis  and  gastroesophageal  reflux  to  morbid  obesity  and  colon  carcinoma;  virtually 
every  gastrointestinal  tract  operation  can  be  laparoscopically  undertaken.  In  most  circumstances 
the  laparoscopic  approach  has  been  shown  to  have  numerous  advantages  including  less 
pain,  less  morbidity,  shorter  hospitalization  and  less  cost.  In  addition  to  being  the  access 
technique  of  choice  from  the  esophagus  to  the  rectum,  it  has  also  gained  significant  popularity 
for  urologic,  gynecologic,  and  other  intra-abdominal  procedures.  Because  of  the  overwhelming 
surgeon  and  patient  preference  for  laparoscopy,  education  and  training  in  the  laparoscopic  arena  have  been  in  high 
demand.  Although  many  textbooks  have  been  written  to  help  satisfy  this  void,  a  few  are  as  easy  to  read  and  as  informative 
about  the  gamut  of  laparoscopic  themes.  The  50  chapters  allow  the  most  uninformed  neophyte  to  rapidly  understand  the 
technical  considerations  related  to  these  procedures.  However,  the  depth  and  breadth  of  the  well-illustrated  volume  also 
allow  the  experienced  laparoscopic  general,  urologic,  or  gynecologic  surgeon  to  become  familiar  with  the  new  and  exciting 
areas  such  as  robotics  and  hepatopancreatic  operations.  The  illustrations  are  all  crystal  clear,  the  cutaway  enlargements 
very  helpful,  and  the  text  explaining  them  is  easy  to  read.  The  subject  matter  has  been  well  researched  and  is  written  in  an 
authoritative  although  not  pedantic  way  as  could  only  be  done  by  a  highly  experienced  laparoscopic  surgeon  with  a 
wonderful  aptitude  for  sharing  his  knowledge.  Professor  RK  Mishra  has  beautifully  detailed  each  area  ranging  from  the 
history  of  sterilization  techniques  to  the  physics  of  energy  sources  to  practical  methods  of  port  site  closure.  The  constant 
thread  throughout  the  book  is  its  practical  nature — this  is  not  a  book  to  be  taken  from  the  shelf  on  rare  occasions  to  use  as 
a  reference  prior  to  performing  the  occasional  obscure  operation.  This  book  is  instead  one  to  read  cover-to-cover  and  then 
to  share  with  one’s  residents,  fellows,  theater  staff,  and  associates  to  ensure  that  each  of  them  is  fluent  in  the  practicalities 
of  laparoscopy.  Having  written  a  few  books,  I  know  how  much  work  is  required  to  produce  such  a  well-illustrated  and 
superbly  written  comprehensive  textbook.  It  was  immediately  apparent  to  me  during  my  reading  that  the  textbook  of 
practical  laparoscopy  was  a  labor  of  love  for  Professor  RK  Mishra  and  thus  will  become  a  cherished  and  favorite  resource 
for  all  of  its  readers,  including  me.  I  wish  to  congratulate  him  on  his  outstanding  achievement  and  thank  him  for  having 
allowed  me  to  review  it  and  to  write  this  brief  foreword. 


Steven  D  Wexner 

President,  Society  of  American  Gastrointestinal  Endoscopic  Surgeons  2006-2007 

Past  President,  American  College  of  Surgeons 
Professor  of  Surgery,  Ohio  State  University 
Professor  of  Surgery,  University  of  Siena,  Italy,  Jerusalem  and  Israel 
Clinical  Professor,  Department  of  Surgery,  Division  of  General  Surgery,  University  of  South  Florida 

College  of  Medicine 

Chief  of  Staff  and  Chairman,  Medical  Executive  Committee,  Cleveland  Clinic  Hospital 

Chairman,  Department  of  Colorectal  Surgery 
Chairman,  Division  of  Research  and  Education 
Research  Professor,  Biomedical  Science,  Florida  Atlantic  University,  Boca  Raton,  Florida 


Foreword 


In  less  than  13  years  so  much  has  happened  in  the  very  young  field  of  laparoscopic  surgery. 

We  are  at  a  major  crossroads  in  the  approach  to  surgical  problems  that  will  be  chronicled  as 
the  most  important  transition  of  our  century:  Large  incision  surgery  to  microincision  surgery. 

The  laparoscope  has  literally  revolutionized  both  general  surgery  and  gynecology.  As  new 
procedures  are  developed,  surgeons  want  to  offer  their  patients  the  benefits  of  smaller  wounds, 
less  postoperative  stress,  shorter  hospital  stay.  This  rapid  acceptance  of  laparoscopic  surgery 
has  come  at  a  high  price  to  some  patients,  however,  when  complications  unique  to  this  approach 
have  led  to  prolonged  hospitalization  or  death. 

In  the  1 970s,  practicing  gynecologists  had  taken  to  laparoscopy  by  the  thousands  because 
of  the  “simple”  sterilization  techniques  and  the  diagnostic  opportunities  for  chronic  infertility 
and  pelvic  pain.  Unique,  puzzling  complications  of  vessel  injury  and  bowel  and  skin  burns,  as  well  as  sterilization  failures, 
rapidly  made  “simple”  laparoscopic  surgery  problems  the  leading  cause  of  gynecologic  law  suits.  In  the  1990s,  general 
surgeons  are  embracing  the  laparoscope  as  enthusiastically  and  innocently  as  gynecologists  did  in  the  1970s  and  are 
seeing  unique  and  disastrous  complications:  Who  had  ever  heard  of  a  common  iliac  artery  injury  during  a  cholecystectomy? 
The  World  Association  of  Laparoscopic  Surgeons  responded  to  these  problems  with  the  same  high  purpose  as  the  American 
Association  of  Gynecologic  Laparoscopists  (AAGL)  had  by  organizing  teaching  courses  reviewing  complications  so  as  to 
prevent  them. 

Textbook  of  Practical  Laparoscopic  Surgery  represents  a  historical  landmark  and  is  a  must  for  all  surgeons  and 
gynecologists.  The  chapters  are  comprehensive,  well  written  and  up-to-date.  The  layout  and  general  presentation  is 
superb  with  several  color  illustrations  throughout.  The  detail  covered  in  each  chapter  is  all  encompassing  and  spans  areas 
such  as  ergonomics  of  minimal  access  surgery,  laparoscopic  anatomy  and  the  basic  principles  of  laparoscopy.  In  addition 
to  surgical  techniques,  this  book  provides  a  broader  focus  on  issues  pertaining  to  laparoendoscopic  surgery,  such  as 
telerobotic  surgery,  use  of  simulators  in  training,  and  a  comprehensive  look  at  credentialing  past,  present,  and  future. 

I  congratulate  Professor  RK  Mishra  for  completing  this  voluminous  work  and  hope  that  his  effort  will  be  fruitful  to  the 
medical  fraternity. 


Ray  L  Green 

President,  World  Association  of  Laparoscopic  Surgeon  (USA) 
Diplomate,  American  Board  of  Obstetrics  and  Gynecology 
Fellow,  American  College  of  Obstetricians  and  Gynecologists 


Preface  to  the  Third  Edition 


The  third  edition  of  Textbook  of  Practical  Laparoscopic  Surgery  has  been  revised  and  rewritten  from  front  to  back.  I  want 
to  thank  all  those  who  used  the  book  in  its  first  and  second  editions.  It  is  the  same  graduate  level  textbook  that  the  past 
readers  are  familiar  with,  with  two  major  additions.  First,  the  book  has  been  revised  and  updated.  Second,  most  of  the 
advanced  minimal  access  surgery  like  single  incision  laparoscopic  surgery  (SILS),  transmission  electron  microscope 
(TEM)  and  even  principles  of  da  Vinci  robotic  surgery  are  included  in  a  manner  that  is  not  obtrusive  to  the  theme  of 
understanding  for  beginners. 

Updated  illustrations  are  used  throughout  wherever  possible,  and  new  materials  are  added  that  make  this  edition  one 
of  the  best  books  of  laparoscopic  surgery  in  the  world.  The  text  has  been  modified  in  countless  places  to  improve  readability 
and  pedagogy. 

I  am  honored  to  have  a  group  of  internationally  renowned  experts  in  laparoscopic  surgery  coming  at  World  Laparoscopy 
Hospital  and  many  of  them  including  our  students  have  valuably  contributed  to  this  book.  This  book  includes  a  good 
number  of  illustrative  pictures,  drawings,  and  images  that  aim  to  make  reading  it  informative,  educational,  and  interesting. 

Textbook  of  Practical  Laparoscopic  Surgery  is  good  preoperative  refresher  reading  that  will  remind  the  laparoscopic 
surgeons  regarding  important  steps  and  possible  difficulties  during  performing  almost  all  types  of  minimal  access  surgery. 

I  hope  this  book  will  contribute  to  the  surgeons  and  gynecologists  who  want  to  make  their  career  in  Minimal  Access 
Surgery. 


RK  Mishra 


Preface  to  the  First  Edition 


When  I  was  to  finish  my  Master’s  in  Minimal  Access  Surgery  from  Ninewells  Hospital  and  Medical  School,  UK,  I  was  one 
among  the  few  fortunate  students  who  was  called  by  Chancellor  Sir  James  W  Black  (Nobel  Prize  Winner  in  Medicine 
1 988)  for  special  meeting.  Sir  Black  advised  us  to  start  training  of  minimal  access  surgery  after  completing  our  degree.  He 
realized  the  great  lack  of  university  trained  well-qualified  personnel  who  could  propagate  art  and  science  of  minimal 
access  surgery  to  the  medical  fraternity.  Sir  Black  emphasized  that  training  of  minimal  access  surgery  is  going  into  the 
profit-making  hands  of  the  industry;  and  as  a  qualified  minimal  access  surgeon,  this  is  our  duty  to  disseminate  the  knowledge 
of  our  skill  to  the  entire  specialty  who  wants  to  use  this  surgical  proficiency.  Keeping  in  mind  this  instruction  of  my  Chancellor, 
I  started  teaching  laparoscopy  to  surgeon  gynecologists,  urologists  and  pediatric  surgeons  all  over  the  world.  This  book  is 
based  on  seven  years  of  my  teaching  experience  in  minimal  access  surgery.  Within  seven  years,  I  have  trained  more  than 
1 ,500  surgeons  and  gynecologists  from  every  corner  of  the  world. 

In  recent  years  progress  in  medical  care  has  been  rapid  especially  in  areas  of  laparoscopic  robotic  and  natural  orifice 
transluminal  endoscopic  surgery  (NOTES).  The  major  reason  of  this  progress  has  been  the  interdisciplinary  approach  of 
merging  technology  with  medicine.  However,  there  are  limited  good  books  available  which  are  self-sufficient  and  yet  easy 
to  understand.  This  book  has  been  written  to  fill  this  gap.  It  has  grown  out  of  numerous  discussions  during  various 
educational  training  programs.  The  participants  have  included  gynecologists,  urologists,  and  general  surgeons  from  fresh 
doctors  to  senior  surgeons. 

The  book  is  primarily  intended  for  the  reader  who  has  some  background  of  conventional  operative  surgical  and 
gynecological  procedures.  It  is  broad  in  its  scope  and  depth,  wherever  needed,  is  provided  without  being  unnecessarily 
sophisticated.  There  are  plenty  of  illustrations  and  diagrams  to  facilitate  faster  learning. 

The  essential  section  of  the  book  includes  the  concept  of  ergonomics,  task  analysis  and  practical  problems  encountered 
in  attempting  to  venture  into  laparoscopic  operative  surgery.  An  overall  view  of  the  latest  instruments  is  presented  and 
detailed  explanations  in  appropriate  sections  are  penned  down.  The  medical  terminology  is  deliberately  introductory  to 
facilitate  easy  understanding.  Enough  fundamentals  are  presented  within  the  context  of  this  book  to  make  it  reasonably 
self-sufficient.  In  fewer  than  200  pages,  this  book  guides  you  through  the  process  of  developing  a  foundation  of  laparoscopic 
surgery  like  developing  skill  of  dissection,  suturing,  knotting  and  tissue  approximation. 

The  second  section  of  the  book  describes  comprehensive  laparoscopic  operative  procedure  demonstrating  a  method 
that  is  tested,  proven,  and  based  upon  sound  instructional  theory.  The  latter  chapters  are  devoted  to  special  topics  of 
recent  advances  in  minimal  access  surgery  to  give  the  reader  a  true  overall  view  of  the  field. 

Although  I  have  taken  every  care  to  make  this  book  error  free,  nonetheless  mistakes  may  have  been  overlooked.  I  will 
be  grateful  for  any  constructive  criticism. 


RK  Mishra 
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Essentials  of  Laparoscopy 


Chapter 


Chronological  Advances  in 
Minimal  Access  Surgery 


The  earliest  recorded  references  to  endoscopy  date  to 
ancient  times  with  Hippocrates.  In  his  description  there  is 
explanation  of  rectum  examination  with  a  speculum. 
Hippocrates  advised  injecting  a  large  quantity  of  air  into 
the  intestines  through  the  anus  in  intestinal  obstruction.  He 
advocated  the  insertion  of  suppository  that  was  10  digits 
long.  These  descriptions  suggest  that  Hippocrates  was  well 
aware  of  ileus  with  intestinal  obstruction  and  thought  that 
there  were  several  possible  etiologies,  including  fecal 
impaction,  intussusceptions,  and  sigmoid  volvulus. 
Moreover,  Hippocrates  treated  these  life-threatening 
conditions  with  minimally  invasive  approaches. 

1585  Aranzi  was  the  first  to  use  a  light  source  for  an 
endoscopic  procedure,  focusing  sunlight  through 
a  flask  of  water  and  projecting  the  light  into  the 
nasal  cavity. 

1706  The  term  “trocar,”  was  coined  in  1706,  and  is 
thought  to  be  derived  from  “trochartor”  troise- 
quarts,  a  three-faced  instrument  consisting  of  a 
perforator  enclosed  in  a  metal  cannula. 

1806  Philip  Bozzini,  built  an  instrument  that  could  be 
introduced  in  the  human  body  to  visualize  the 
internal  organs.  He  called  this  instrument 
“LICHTLEITER”.  Bozzini  used  an  aluminum  tube 
to  visualize  the  genitourinary  tract.  The  tube, 
illuminated  by  a  wax  candle,  had  fitted  mirrors 
to  reflect  images  (Fig.  1.1). 

1853  Antoine  Jean  Desormeaux,  a  French  surgeon  first 
introduced  the  “Lichtleiter”  of  Bozzini  to  a  patient. 
For  many  surgeons,  he  is  considered  as  the 
“Father  of  Endoscopy”. 

1867  Desormeaux,  used  an  open  tube  to  examine  the 
genitourinary  tract,  combining  alcohol  and 
turpentine  with  a  flame  in  order  to  generate  a 
brighter,  more  condensable  beam  of  light. 


1868  Kussmaul  performed  the  first  esophago- 
gastroscopy  on  a  professional  sword  swallower, 
initiating  efforts  at  instrumentation  of  the 
gastrointestinal  tract.  Mikulicz  and  Schindler, 
however,  are  credited  with  the  advancement  of 
gastroscopy. 

1869  Commander  Pantaleoni  used  a  modified 
cystoscope  to  cauterize  a  hemorrhagic  uterine 
growth.  Pantaleoni  thus  performed  the  first 
diagnostic  and  therapeutic  hysteroscopy. 

1901  Dimitri  Ott,  a  Petrograd  gynecologist  used  head 
mirrors  to  reflect  light  and  augment  visualization 
and  used  access  technique  in  which  a  speculum 
was  introduced  through  an  incision  in  the  prior 
vaginal  fornix  in  a  pregnant  woman. 

1901  The  first  experimental  laparoscopy  was 
performed  in  Berlin  in  1901  by  the  German 
surgeon  Georg  Kelling,  who  used  a  cystoscope 
to  peer  into  the  abdomen  of  a  dog  after  first 


Fig.  1.1  :  Lichtleiter’s  endoscope 
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insufflating  it  with  air.  Kelling  also  used  filtered 
atmospheric  air  to  create  a  pneumoperitoneum, 
with  the  goal  of  stopping  intra-abdominal 
bleeding  (Ectopic  pregnancy,  bleeding  ulcers,  and 
pancreatitis)  but  these  studies  did  not  find  any 
response  or  supporters  (Fig.  1.2). 

Kelling  proposed  a  high-pressure  insufflation 
of  the  abdominal  cavity,  a  technique  he  called 
the  “Luft-tamponade”  or  “air-tamponade”. 

1910  HC  Jacobaeus  of  Stockholm  published  a  paper 
on  discussion  of  the  inspection  of  the  peritoneal, 
pleural  and  pericardial  cavity. 

1911  Bertram  M  Bernheim  of  Johns  Hopkins  Hospital 
introduced  first  laparoscopic  surgery  to  the  United 
States.  He  named  it  the  procedure  of  minimal 
access  surgery  as  “organoscopy”.  The  instrument 
used  was  a  proctoscope  of  a  half  inch  diameter 
and  ordinary  light  for  illumination  was  used. 

1911  HC  Jacobaeus  coined  the  term  “laparo- 
thorakoskopie”  after  using  this  procedure  on  the 
thorax  and  abdomen.  He  used  to  introduce  the 
trocar  inside  the  body  cavity  directly  without 
employing  a  pneumoperitoneum. 

1918  O  Goetze  developed  an  automatic 
pneumoperitoneum  needle  characterized  for  its 
safe  introduction  to  the  peritoneal  cavity. 

The  next  decade  and  a  half  witnessed  a  decline 
in  technological  advancement  in  endoscopy  due 
to  World  War  I. 

1920  Zollikofer  of  Switzerland  discovered  the  benefit 
of  C02  gas  to  use  for  insufflation,  rather  than 
filtered  atmospheric  air  or  nitrogen. 

1929  Kalk,  a  German  physician,  introduced  the 
forward  oblique  (135°)  view  lens  systems.  He 
advocated  the  use  of  a  separate  puncture  site  for 
pneumoperitoneum.  Goetze  of  Germany  first 
developed  a  needle  for  insufflation. 


Fig.  1.2:  Kelling  performing  laparoscopy  in  dog 


1929  Heinz  Kalk,  a  German  gastroenterologist 
developed  a  135°  lens  system  and  a  dual  trocar 
approach.  He  used  laparoscopy  as  a  diagnostic 
method  for  liver  and  gallbladder  diseases  (Fig. 
1.3). 

1934  John  C  Ruddock,  an  American  surgeon  described 
laparoscopy  as  a  good  diagnostic  method,  many 
times,  superior  than  laparotomy.  He  used  the 
instrument  for  diagnostic  laparoscopy  which 
consisted  of  built-in  forceps  with  electro¬ 
coagulation  capacity  (Fig.  1.4). 

1936  Boesch  of  Switzerland  is  credited  with  the  first 
laparoscopic  tubal  sterilization. 

1938  Janos  Veress  of  Hungary  developed  a  especially 
designed  spring-loaded  needle.  Interestingly,  he 
did  not  promote  the  use  of  his  Veress  needle  for 
laparoscopy  purposes.  He  used  Veress  needle  for 


Fig.  1.3:  Heinz  Kalk 


Fig.  1.4  :  John  Q  Ruddock 
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the  induction  of  pneumothorax.  Veress  needle  is 
widely  used  instrument  today  to  create  pneumo¬ 
peritoneum  (Fig.  1.5). 

1939  Richard  W  Telinde,  tried  to  perform  an 
endoscopic  procedure  by  a  culdoscopic 
approach,  in  the  lithotomy  position.  This  method 
was  rapidly  abandoned  because  of  the  presence 
of  small  intestine. 

1939  Heinz  Kalk  published  his  experience  of  over  2000 
liver  biopsies,  performed  using  local  anesthesia 
without  mortality. 

1944  Raoul  Palmer,  of  Paris  performed  gynecological 
examinations  using  laparoscopy,  (Fig.  1.6)  and 
placing  the  patients  in  the  Trendelenburg’s 
position,  so  air  could  fill  the  pelvis.  He  also 
stressed  the  importance  of  continuous  intra¬ 
abdominal  pressure  monitoring  during  a 
laparoscopic  procedure. 

1953  The  rigid  rod  lens  system  was  discovered  by 
Professor  Hopkins.  The  credit  of  videoscopic 
surgery  goes  to  this  surgeon  who  had 
revolutionized  the  concept  by  making  this 
instrument. 

1960  Kurt  Semm  was  a  German  gynecologist,  who 
invented  the  automatic  insufflator  (Fig.  1.7).  His 
experience  with  this  new  device  was  published 


Fig.  1.5  :  Veress  needle 


Fig.  1.6:  Laparoscope 


in  1966.  Though  not  recognized  in  his  own 
country,  but  on  the  other  side  of  the  Atlantic,  both 
American  physicians  and  instrument  makers 
valued  the  Semm’s  insufflator  for  its  simple 
application,  clinical  value,  and  safety  (Fig.  1.8). 

1960  Patrick  Steptoe,  a  British  gynecologist  adapted 
the  techniques  of  sterilization  by  two  puncture 
technique. 

1972  H  Coutnay  Clarke  showed  laparoscopic  suturing 
technique  for  hemostasis. 

1973  Gaylord  D  Alexander,  developed  techniques  of 
safe  local  and  general  anesthesia  suitable  for 
laparoscopy. 


Fig.  1  .7:  Kurt  Semm 


Fig.  1.8  :  First  insufflator  made  by  Prof  Semm 
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1977  First  laparoscopic  assisted  appendicectomy  was 
performed  by  Dekok.  Appendix  was  exteriorized 
and  ligated  outside  the  abdominal  cavity. 

1977  Kurt  Semm  demonstrated  endoloop  suturing 
technique  in  laparoscopic  surgery. 

1978  Hasson  introduced  an  alternative  method  of  blunt 
trocar  placement.  He  proposed  a  blunt  mini¬ 
laparotomy  which  permits  direct  visualization  of 
trocar  entrance  into  the  peritoneal  cavity. 

Hasson’s  cannula  was  a  reusable  device  of 
similar  design  to  a  standard  cannula  but  attached 
to  an  olive-shaped  sleeve  was  developed.  This 
sleeve  would  slide  up  and  down  over  the  shaft  of 
the  cannula  and  form  an  airtight  seal  at  the  fascial 
opening.  In  addition,  the  sharp  trocar  was 
replaced  by  a  blunt  obturator.  This  cannula  is 
held  in  place  by  the  use  of  stay  sutures  passed 
through  the  fascial  edges  and  attached  to  the 
body  of  the  cannula  (Fig.  1.9). 

1980  Patrick  Steptoe  started  to  perform  laparoscopic 
procedures  first  time  in  UK. 

1983  Semm,  German  gynecologist,  performed  the  first 
laparoscopic  appendicectomy. 

1985  The  first  documented  laparoscopic  cholecy¬ 

stectomy  was  performed  by  Erich  Muhe  in 
Germany  in  1985. 

1987  Phillipe  Mouret  has  got  the  credit  to  perform  the 
first  laparoscopic  cholecystectomy  in  Lyons, 
France  using  video  technique  (Fig.  1.10). 
Cholecystectomy  is  the  laparoscopic  procedure 
which  revolutionized  the  general  surgery. 

1987  Ger  reported  first  laparoscopic  repair  of  inguinal 
hernia  using  prototype  stapler. 

1988  Harry  Reich  performed  laparoscopic 
lymphadenectomy  for  treatment  of  ovarian 
cancer. 

1988  McKernan  and  Sye  performed  first  cholecys¬ 
tectomy  in  the  USA  (Fig.  1.11). 


1989  Harry  Reich  described  first  laparoscopic 
hysterectomy  using  bipolar  desiccation;  later  he 
demonstrated  staples  and  finally  sutures  for 
laparoscopic  hysterectomy. 

1989  Reddick  and  Olsen  reported  that  CBD  injury  after 
laparoscopic  cholecystectomy  is  5  times  than  with 
conventional  cholecystectomy.  As  a  result  of  this 
report,  USA  government  announced,  that 
surgeons  should  perform  at  least  15  laparoscopic 
cholecystectomy  under  supervision,  before  being 
allowed  to  do  this  procedure  on  their  own. 

1990  Bailey  and  Zucker  in  USA  popularized 
laparoscopic  anterior  highly  selective  vagotomy 
combined  with  posterior  truncal  vagotomy. 


Fig.  1.10:  Phillipe  Mouret 


Fig.  1.9  :  Hasson’s  cannula 


Fig.  1.11:  William  Sye 
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1994  First  robotic  arm  was  designed  to  hold  the 
telescope  with  the  goal  of  improving  safety  and 
reducing  the  need  of  skilled  camera  operator  (Fig. 
1.12).  " 

1996  First  live  telecast  of  laparoscopic  surgery 
performed  remotely  via  the  Internet  (Robotic 
Telesurgery). 

2000  The  US  Food  and  Drug  Administration  (FDA) 
first  time  approved  the  da  Vinci  Surgical  System, 
making  it  the  first  robotic  system  allowed  to  be 
used  in  American  operating  rooms. 

2001  The  Lindbergh  operation,  named  in  honor  of 
American  aviator  Charles  Lindbergh,  was  the  first 
ever  transatlantic  surgery.  Doctors  Michel  Gagner 
and  Jacques  Marescaux  removed  the  gallbladder 
of  a  68-year-old  woman  in  Strasbourg,  France 
from  New  York.  The  surgeons  used  a  ZEUS 
robotic  surgical  system  from  Computermotion 
Inc.  and  an  ATM  fiberoptic  connection  provided 
by  France  Telecom. 

2004  Robotic  prostatectomy  became  the  first  most 
commonly  performed  robotic  surgery.  According 
to  Intuitive  Surgical  Inc.,  the  California-based 
manufacturers  of  the  da  Vinci  robot,  the  number 
of  robotic  prostatectomies  rose  from  36  in  2000 
to  8000  in  2004. 

2005  Combining  robotically  assisted  coronary  artery 
bypass  surgery  (CABG)  with  stented  angioplasty 
shows  promise  for  treating  extensive  coronary 
artery  disease,  researchers  reported  at  the 
American  Heart  Association  Scientific  Sessions 
2005,  Dallas. 


Fig.  1.12:  Robotic  arm 


The  evolution  of  minimal  access  therapy  aims 
to  minimize  the  traumatic  insult  to  the  patient 
without  compromising  the  safety  and  efficacy  of 
the  treatment  compared  with  traditional  open 
surgery.  If  this  is  achieved,  patients  recover  more 
quickly,  which  reduces  hospital  stay  and  allows 
more  rapid  return  to  full  activity  and  work  within 
minimum  time. 
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Chapter 


Laparoscopic  Imaging  Systems 


It  is  well  known  that  laparoscopy  is  the  consequence  of 
advances  made  in  the  field  of  medical  engineering.  Each 
surgical  specialty  has  different  requirement  of  instruments. 
Laparoscopy  was  initially  criticized  owing  to  the  cost  of 
specialized  instruments  and  possible  complications  due  to 
these  sharp  long  instruments.  Also,  it  necessitated  difficult 
hand  eye  coordination.  Gradually,  the  technique  gained 
recognition  and  respect  from  the  medical  fraternity  since  it 
drastically  reduced  many  of  the  complications  of  the  open 
procedure.  Minimal  access  surgery  has  developed  rapidly 
only  after  grand  success  of  laparoscopic  cholecystectomy. 
Computer  aided  designing  of  laparoscopic  instruments  is 
an  important  branch  of  medical  engineering.  It  is  now 
possible  to  control  the  access  through  microprocessor 
controlled  laparoscopic  instruments.  New  procedures  and 
instruments  are  innovated  regularly  which  makes  it  important 
for  the  surgeon  to  be  familiar  with  the  developments. 
Laparoscopy  is  a  technologically  dependent  surgery  and  it 
is  expected  every  surgeon  should  have  reasonably  good 
knowledge  of  these  instruments. 

LAPAROSCOPIC  TROLLEY 

The  mobile  laparoscopic  video  cart  is  equipped  with  locking 
brakes  and  has  four  anti-static  rollers.  The  trolley  has  a 
drawer  and  three  shelves  (Fig.  2.1). 

The  upper  shelves  have  a  tilt  adjustment  and  used  for 
supporting  the  video  monitor  unit.  Included  on  the  trolley  is 
an  electrical  supply  terminal  strip,  mounted  on  the  rear  of 
the  second  shelf  (from  the  top).  Recently,  ceiling  mounted 
trolleys  are  launched  by  many  companies  which  are 
ergonomically  better  and  consume  less  space  in  operation 
theater. 


IMAGING  SYSTEMS 

•  Light  source 

•  Light  cable 

•  Telescope 

•  Laparoscopic  camera 

•  Laparoscopic  video  monitor. 

The  imaging  system  is  a  chain  of  equipments  that  are 
link  together  in  place  perfectly  and  functioning  well  to 
produce  an  excellent  laparoscopic  image.  The  break  in  this 
sequential  pass  of  links  of  the  chain  will  be  rendered  our 
imaging  system  impotent. 


Fig.  2.1 :  Laparoscopic  trolley 


10 


Section  1 :  Essentials  of  Laparoscopy 


423f 

fit 


Light  Source  ■-..;LightCab|e 
Laparoscope.-' 

Camera  Head  Monitor 

Fig.  2.2  :  The  Magnificent  Seven  of  the  basic  imaging  chain 


The  classic  imaging  chain  starts  with  a  light  source,  and 
ends  in  the  monitor,  requiring  seven  pieces  of  equipment, 
known  as  the  Magnificent  Seven:  light  source,  fiberoptic  light 
cable,  laparoscope,  camera  head,  video  signal  processor, 
video  cable,  and  monitor  (Fig.  2.2).  This  imaging  chain  is 
often  supported  by  a  cast  of  VCRs,  photo  printers,  or  digital 
capture  devices.  The  surgeon  and  the  operating  room  team 
must  work  together  to  ensure  optimal  equipment  function 
through  careful  handling  of  the  equipment  in  the  operating 
room  and  during  the  sterilization  process.  Yet,  when  the 
image  is  poor,  many  operating  teams  become  paralyzed, 
unable  to  function  without  the  aid  of  a  medical  engineer. 
“Understanding  can  overcome  any  situation,  however, 
mysterious  or  insurmountable,  it  may  appear  to  be.” 
Accordingly,  understanding  the  (imaging)  video  system  will 
allow  the  operating  surgeon  to  do  the  basic  troubleshooting 
for  his  or  her  system  and  not  be  totally  dependent  on  nursing 
or  technical  staff,  especially  at  night  when  experienced 
personnel  may  not  be  available.  The  advent  of  integrated 
operating  suites  has  not  changed  the  principles  of  this  basic 
idea. 

LIGHT  SOURCE 

It  is  clear  and  easy  to  say  that,  life,  recently,  is  impossible 
without  light,  and  simply:  no  light,  no  laparoscopy.  The  light 
source  is  the  often-overlooked  soldier  of  the  video 
laparoscopic  system. 

High-intensity  light  is  created  with  bulbs  of  halogen  gas, 
xenon  gas  or  mercury  vapor.  The  bulbs  are  available  in 
different  wattages  “150  and  300  Watt” and  should  be  chosen 
based  on  the  type  of  procedure  being  performed.  Because 
light  is  absorbed  by  blood,  any  procedure  in  which  bleeding 
is  encountered  may  require  more  light.  We  use  the  stronger 
light  sources  for  all  advanced  laparoscopy.  Availability  of 
light  is  a  challenge  in  many  bariatric  procedures  where  the 
abdominal  cavity  is  large. 

A  good  laparoscopic  light  source  should  emit  light  as 
much  as  possible  near  the  natural  sun  light. 

Three  types  of  light  source  are  in  use  today: 

1.  Halogen  light  source 

2.  Xenon  light  source 

3.  Metal  halide  light  source 


The  output  from  the  light  sources  is  conducted  to  the 
telescope  by  light  cables  that  contain  either  glass  fiber 
bundles  or  special  fluid. 

The  halogen  light  source  is  used  in  the  medical  field 
since  last  20  years,  but  the  spectral  temperature  of  these 
lights  is  3200  Kelvin  which  makes  it  too  different  and  too 
low  from  natural  sunlight.  The  midday  sunlight  has 
approximately  5600  Kelvin  color  temperature.  In  practice, 
the  yellow  light  of  the  halogen  bulb  is  compensated  for  in 
the  video  camera  system  by  white  balancing. 

A  more  suitable  light  source  for  laparoscopic  cameras 
involves  the  creation  of  an  electrical  arc  in  a  metal  halide 
system  or  in  xenon.  This  electrical  arc  is  produced  in  same 
way  as  in  flash  of  photographic  camera. 

Xenon  has  a  more  natural  color  spectrum  and  a  smaller 
spot  size  than  halogen.  The  xenon  light  source  emits  a 
spectral  temperature  of  color  of  approximately  6000  Kelvin 
on  average  for  a  power  of  300  W  (Fig.  2.3). 

Arc  generated  lamps  have  a  spectral  temperature  that 
gradually  decreases  with  use  and  white  balance  is  required 
before  each  use.  The  bulb  needs  replacing  after  250  to  500 
hours  of  usage,  depending  on  the  type  of  lamp. 

One  of  the  main  advantages  of  the  laparoscopy  is  that 
of  obtaining  a  virtually  microsurgical  view  compared  to  that 
obtained  by  laparotomy.  Quality  of  the  image  obtained  very 
much  depends  on  the  quantity  of  light  available  at  each 
step  of  optical  and  electronic  system. 

The  Interface  of  the  laparoscopic  team  work  with  a 
Standard  Light  Source: 

It  is  essential  for  the  laparoscopic  team,  particularly  the 
surgeons,  to  know  about  all  the  switch  and  function  of  the 
light  source.  All  essential  details  of  the  equipment  and  all 
the  action  required  on  the  part  can  be  found  on  the  operating 
manual  of  the  product. 

Many  light  sources  record  and  display  the  hours  of  service 
and  alert  the  biomedical  medical  engineer  (or  the  well- 
informed  surgeon)  when  it  is  time  to  make  a  change.  When 
the  lifetime  rating  of  the  bulb  has  been  exceeded,  the 
subsequent  performance  of  the  light  source  becomes 


The  visible  spectrum  -  wavelength  in  nanometers 
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Fig.  2.3:  Spectrum  of  light 
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unpredictable,  often  slowly  dwindling  until  the  surgeon  just 
can  not  produce  a  well-lit  scene  despite  the  fact  that  a  bright 
light  seems  to  emanate  from  the  laparoscope  (Fig.  2.4). 

A  typical  light  source  consists  of: 

•  A  lamp  (bulb) 

•  A  heat  filter 

•  A  condensing  lens 

•  Manual  or  automatic  intensity  control  circuit  (shutter) . 

Lamp  (Bulb) 

Lamp  or  bulb  is  the  most  important  part  of  the  light  source. 

When  the  bulb  fails,  the  entire  system  is  out  of 
commission  until  either  the  bulb  is  replaced  or  a  new  light  is 
brought  to  bear.  Many  light  sources  record  and  display  the 
hours  of  service  and  alert  the  biomedical  medical  engineer 
(or  the  well-informed  surgeon)  when  it  is  time  to  make  a 
change.  When  the  lifetime  rating  of  the  bulb  has  been 
exceeded,  the  subsequent  performance  of  the  light  source 
becomes  unpredictable,  often  slowly  dwindling  until  the 
surgeon  just  can  not  produce  a  well-lit  scene  despite  the  fact 
that  a  bright  light  seems  to  emanate  from  the  laparoscope. 

The  quality  of  light  depends  on  the  lamp  used.  Several 
modern  types  of  light  sources  are  currently  available  (Fig. 
2.5).  These  light  sources  mainly  differ  on  the  type  of  bulb 
used. 

Three  types  of  lamp  are  used  more  recently: 

1.  Quartz  halogen  Incandescent  lamp 

2.  Xenon  lamp 

3.  Metal  halide  vapor  arc  lamp. 

1-Halogen  Bulbs  (150-watt)  or  Tungsten-halogen  Bulb 

It  is  an  incandescent  lamp  with  a  transparent  quartz  bulb 
and  a  compressed  gas  filling  that  includes  a  halogen.  Quartz 
is  used  instead  of  glass  to  permit  higher  temperatures,  higher 
currents,  and  therefore  greater  light  output.  The  lamp  gives 
brilliant  light.  The  halogen  combines  with  the  tungsten 
evaporated  from  the  hot  filament  to  form  a  compound  that 
is  attracted  back  to  the  filament,  thus  extending  the  filament’s 
life.  The  halogen  gas  is  also  prevents  the  evaporated  tungsten 
from  condensing  on  the  bulb  and  darkening  it,  an  effect 
that  reduces  the  light  output  of  ordinary  incandescent  lamps. 

First  used  in  the  late  1960s  in  motion-picture  production, 
halogen  lamps  are  now  also  used  in  automobile  headlights, 
underwater  photography,  and  residential  lighting. 

Incandescent  (to  begin  to  glow):  It  is  so  hot  to  the  point 
of  glowing  or  emitting  intense  light  rays,  as  an  incandescent 
light  bulb. 

Quartz ,  one  of  the  most  common  of  all  rock-forming 
minerals  and  one  of  the  most  important  constituents  of  the 
earth’s  crust.  Chemically,  it  is  silicon  dioxide,  Si02 .  It  occurs 
in  crystals  of  the  hexagonal  system,  commonly  having  the 


Fig.  2.4  :  Xenon  light  source:  bulb-life  display  is  shown 
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Fig.  2.5  :  New  generation  light  source  bulb 


form  of  a  six-sided  prism  terminating  in  a  six-sided  pyramid; 
the  crystals  are  often  distorted  and  twins  are  common.  Quartz 
may  be  transparent,  translucent,  or  opaque;  it  may  be 
colorless  or  colored. 

The  halogen  lamp  takes  its  name  from  the  halogens 
included  in  the  gas  within  its  tungsten-filament  bulb,  added 
to  prolong  filament  life  and  increase  brightness. 

Halogen :  Any  of  the  elements  of  the  halogen  family, 
consisting  of  fluorine,  chlorine,  bromine,  iodine,  and  astatine. 
They  are  all  monovalent  and  readily  form  negative  ions. 

Halogen  bulbs  provide  highly  efficient  crisp  white  light 
source  with  excellent  color  rendering.  Electrodes  in  halogen 
lamps  are  made  of  tungsten  filament.  This  is  the  only  metal 
with  a  sufficiently  high  melting  temperature  and  sufficient 
vapor  pressure  at  elevated  temperatures.  They  use  a  halogen 


12 


Section  1 :  Essentials  of  Laparoscopy 


gas  that  allows  bulbs  to  burn(  light)  more  intensely.  Halogen 
bulbs  use  low  voltages  and  have  an  average  life  of  2,000 
hours.  The  color  temperature  of  halogen  lamp  is  around 
(5000-5600  K).  These  lamps  are  economical  and  can  be 
used  for  laparoscopic  surgery  if  low  budget  setup  is  required. 

1 1 -Xenon  Lamps  (300- watt) 

Xenon  (Symbol Xe):  A  colorless,  odorless,  highly  unreactive 
gaseous  nonmetallic  element  found  in  minute  quantities  in 
the  atmosphere  and  extracted  commercially  from  liquefied 
air.  Atomic  number  is  54.  The  radioactive  isotope  133Xe, 
having  a  half-life  of  5.3  days,  is  used  for  diagnostic  imaging 
in  assessment  of  pulmonary  function,  lung  imaging,  and 
cerebral  blood  flow  studies. 

Xenon  lamps  consist  of  a  spherical  or  ellipsoidal  envelope 
made  of  quartz  glass,  which  can  withstand  high  thermal  loads 
and  high  internal  pressure.  For  ultimate  image  quality,  only 
the  highest-grade  clear  fused  silica  quartz  is  used.  It  is 
typically  doped,  although  not  visible  to  the  human  eye,  to 
absorb  harmful  UV  radiation  generated  during  operation. 
The  color  temperature  of  xenon  lamp  is  about  6000  to  6400 
K.  The  operating  pressures  are  tens  of  atmospheres  at  times, 
with  surface  temperatures  exceeding  600°C. 

The  smaller,  pointed  electrode  is  called  the  cathode, 
which  supplies  the  current  to  the  lamp  and  facilitates  the 
emission  of  electrons.  To  supply  a  sufficient  amount  of 
electrons,  the  cathode  material  is  doped  with  thorium.  The 
optimum  operating  temperature  of  the  cathode  tip  is 
approximately  2000°C.  To  obtain  this  precise  operating 
temperature,  the  cathode  tip  is  pointed  and  in  many  cases 
has  a  groove  on  the  pointed  tip  to  act  as  a  heat  choke.  This 
heat  choke  causes  the  tip  to  run  at  a  higher  temperature. 
This  configuration  of  the  cathode  tip  allows  for  a  very  high 
concentration  of  light  from  the  cathode  tip  and  a  very  stable 
arc. 

The  anode,  the  larger  electrode,  receives  electrons 
emitted  by  the  cathode.  Once  the  electrons  penetrate  the 
anode  face,  the  resulting  energy  is  converted  to  heat,  most 
of  which  radiates  away.  The  large,  cylindrical  shape  of  the 
anode  helps  to  keep  the  temperature  low  by  radiating  the 
heat  from  the  anode  surface. 

The  advantage  of  xenon  bulb  is  that,  it  used  a  two 
electrodes  (cathode  and  anode)  and  there  is  no  filament  as 
in  halogen  bulb,  so  it  has  somewhat  a  fixed  lifetime  with  an 
average  of  1500  hours. 

The  two  most  frequently  used  types  of  lamps  are 
halogen  and  xenon.  The  main  difference  between  them  is 
in  the  colors  obtained.  The  xenon  lamp  has  a  slightly  bluish 
tint.  The  light  emitted  by  xenon  lamp  is  more  natural 
compared  to  halogen  lamp.  However,  most  of  the  cameras 
at  present  analyze  and  compensate  these  variations  by 


means  of  automatic  “equalization  of  whites”  (2100-10,000  K), 
which  allows  the  same  image  to  be  obtained  with  both 
light  sources. 

A  proper  white  balancing  before  start  of  the  operation  is 
essential  for  obtaining  a  natural  color.  The  white  light  is 
composed  of  equal  proportion  of  red,  blue  and  green  color. 
At  the  time  of  white  balancing,  the  camera  sets  its  digital 
coding  for  these  primary  colors  to  equal  proportion, 
assuming  that  the  target  is  white.  If  at  the  time  of  white 
balancing,  the  telescope  is  not  seeing  a  perfectly  white  object, 
the  setup  of  the  camera  will  be  incorrect  and  the  color 
perception  will  be  poor. 

The  newer  light  source  of  xenon  is  defined  as  a  cool 
light  but  practically  it  is  not  completely  heat  free  and  it  should 
be  cared  for  ignition  hazard. 

Ill-Metal  Halide  Vapor  Arc  Lamp  (250-watt) 

Halide:  A  halide  is  a  binary  compound,  of  which  one  part  is 
a  halogen  atom  and  the  other  part  is  an  element  or  radical 
that  is  less  electronegative  (or  more  electropositive)  than 
the  halogen,  to  make  a  fluoride,  chloride,  bromide,  iodide 
or  astatide  compound.  Many  salts  are  halides.  All  group  1 
metals  form  halide  compounds  which  are  white  solids  at 
room  temperature. 

A  halide  ion  is  a  halogen  atom  bearing  a  negative  charge. 
The  halide  ions  are  fluoride  (F-),  chloride  (Cl-),  bromide 
(Br-),  iodide  (I-)  and  astatide  (At-).  Such  ions  are  present 
in  all  ionic  halide  salts. 

Metal  halides  are  used  in  high-intensity  discharge  lamps 
called  metal  halide  lamps,  such  as  those  used  in  modern 
street  lights.  These  are  more  energy-efficient  than  mercury- 
vapor  lamps,  and  have  much  better  color  rendition  than 
orange  high-pressure  sodium  lamps.  Metal  halide  lamps  are 
also  commonly  used  in  greenhouses  or  in  rainy  climates  to 
supplement  natural  sunlight. 

Examples  of  halide  compounds  are:  sodium  chloride 
(NaCl),  potassium  chloride  (KC1),  potassium  iodide  (KI), 
lithium  chloride  (LiCl),  copper  (II)  chloride (CuCl2),  silver 
chloride  (AgCl),  and  chlorine  fluoride  (C1F). 

Metal  halide  lamps,  a  member  of  the  high-intensity 
discharge  (HID)  family  of  lamps,  produce  high  light  output 
for  their  size,  making  them  a  compact,  powerful,  and  efficient 
light  source.  By  adding  rare  earth  metal  salts  to  the  mercury 
vapor  lamp,  improved  luminous  efficacy  and  light  color  is 
obtained.  Originally  created  in  the  late  1960s  for  industrial 
use,  metal  halide  lamps  are  now  available  in  numerous  sizes 
and  configurations  for  commercial  and  residential 
applications  (Figs  2.6  to  2.8). 

Like  most  HID  lamps,  metal  halide  lamps  operate  under 
high  pressure  and  temperature,  and  require  special  fixtures 
to  operate  safely. 
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Fig.  2.6  :  A  metal  halide  gas  discharge  lighting  system  provides 
illumination  for  a  college  baseball  game.  Note  the  various  colors  of 
the  lights  as  they  warm  up 


In  metal  halide  lamp,  a  mixture  of  compounds 
(comprising  mostly  salts  of  rare  earths  and  halides  as  well 
as  the  mercury  which  provides  the  conduction  path)  is 
carefully  chosen  to  produce  an  output  which  approximates 
to  white’  light  as  perceived  by  the  human  eye  (Fig.  2.9). 

There  are  two  type  of  metal  halide  lamp  generally  used. 
They  are  iron  iodide  lamp  and  gallium  iodide  lamp.  Iron 
iodide  is  a  broad  emitter  and  enhances  the  spectral  output 
of  the  lamp  in  the  380  nm.  Gallium  iodide  has  the  effect  of 
introducing  spectral  lines  at  403  nm  and  417  nm  of  the 
electromagnetic  spectrum  (Fig.  2.10). 

The  intensity  of  the  light  delivered  by  any  lamp  also 
depends  on  the  power  supply  of  the  source.  However, 
increasing  the  power  poses  a  real  problem  as  it  generates 
more  heat.  At  present,  the  improvements  made  to  the 
cameras  means  that  it  is  possible  to  return  to  reasonable 


Fig.  2.7  :  A  low-bay  light  fixture  using  a  high  wattage  metal  halide 
lamp,  of  the  type  used  in  factories  and  warehouses 


Fig.  2.9  :  Metal  halide  bulb 


Fig.  2.8  :  A  linear/tubular  metal  halide  lamp  lit  up  at  half  power 


Fig.  2.10:  Internal  structure  of  metal  halide  tube 
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power  levels  of  250  W.  However,  400  W  units  are  preferable 
in  order  to  obtain  sufficient  illumination  of  the  abdomen 
even  when  bleeding  causes  strong  light  absorption.  It  is 
important  to  remember  that  a  three  chip  camera  require 
more  light  than  single  chip  camera  so  a  400  W  light  source 
is  recommended  for  3  chips  camera. 

Heat  Filter 

For  100  percent  of  energy  consumed,  a  normal  light  source 
(a  light  bulb)  converts  approximately  two  percent  to  light 
and  98  percent  as  heat.  This  heat  is  mainly  due  to  the  infrared 
spectrum  of  light  and  due  to  obstruction  in  the  pathway  of 
light.  If  infrared  travels  through  the  light  cable,  the  cable  will 
become  hot.  A  heat  filter  is  introduced  to  filter  this  infrared 
in  fiberoptic  cable.  A  cool  light  source  lowers  this  ratio  by 
creating  more  light,  but  does  not  reduce  the  heat  produced 
to  zero.  This  implies  a  significant  dissipation  of  heat,  which 
increases  as  the  power  rating  increases.  A  cold  light  is  light 
emitted  at  low  temperatures  from  a  source  that  is  not 
incandescent,  such  as  fluorescence  or  phosphorescence. 
Incandescence  is  the  emission  of  light  (visible  electromagnetic 
radiation)  from  a  hot  body  as  a  result  of  its  temperature. 

The  sources  are  protected  against  transmitting  too  much 
heat  at  present.  The  heat  is  essentially  dissipated  in  transport, 
along  the  cable,  in  the  connection  with  the  endoscope  and 
along  the  endoscope. 

While  it  is  remarkable  how  little  heat  is  delivered  to  the 
tip  of  the  laparoscope,  the  effects  are  cumulative.  A  lighted 
laparoscope  or  fiberoptic  bundle  in  direct  contact  with  paper 
drapes  or  the  patient’s  skin  will  cause  a  burn  after  20  or  30 
seconds  and  must  be  avoided. 

Some  accidents  have  been  reported  due  to  burning 
caused  by  the  heat  of  the  optics  system.  It  is  therefore 
important  to  test  the  equipment,  particularly  if  assemblies 
of  different  brands  are  used. 

Condensing  Lens 

The  purpose  of  condensing  lens  is  to  converge  the  light 
emitted  by  lamp  to  the  area  of  light  cable  input.  In  most  of 
the  light  source  it  is  used  for  increasing  the  light  intensity 
per  square  cm  of  area. 

Manual  or  Automatic  Intensity  Control  Circuit  (Shutter) 

Manual  adjustment  allows  the  light  source  to  be  adjusted  to 
a  power  level  defined  by  the  surgeon.  In  video  cameras, 
close-up  viewing  is  hampered  in  too  much  light,  whereas 
more  distant  view  is  too  dark.  To  address  this,  the  luminosity 
of  most  of  the  current  light  sources  is  adjustable. 

The  advanced  light  source  system  is  based  on  the 
automatic  intensity  adjustment  technology.  The  video 


camera  transforms  the  signal  into  an  electronic  signal.  This 
electronic  signal  is  coded  in  order  to  be  transported.  The 
coding  dissociates  the  luminance  and  chrominance  of  the 
image.  The  luminance  is  the  quantity  of  light  of  the  signal 
(black  and  white)  that  dictates  the  quality  of  the  final  image. 
When  there  is  too  much  light  for  the  image  (when  the 
endoscope  is  near  to  the  tissue),  the  luminance  signal  of  the 
oscilloscope  increases.  On  the  other  hand,  when  the 
luminosity  is  low  (distant  view  or  red  surroundings),  the 
luminance  is  low  and  the  electronic  signal  is  much  weaker. 
A  good  quality  luminance  signal  is  calibrated  to  one  millivolt. 
Overexposed  images  make  the  electronic  signal  pass  above 
one  millivolt,  whereas  underexposed  images  make  the  signal 
drop  below  one  millivolt.  Light  sources  equipped  with 
adjustment  analyze  the  luminance.  If  the  signal  is  significantly 
higher  than  one  millivolt,  they  lower  the  power  and  bring 
the  signal  back  within  the  standards.  Conversely,  if  the  signal 
is  too  weak,  they  increase  their  intensity. 

These  systems  are  extremely  valuable,  permitting  work 
to  be  performed  at  different  distances  from  the  target  in 
good  viewing  conditions.  However,  the  cameras  currently 
available  are  often  equipped  with  a  regulation  system,  which 
is  capable  of  automatic  gain  control  in  poor  light  condition 
and  the  purchase  of  a  light  source  with  adjustment  associated 
with  a  camera  equipped  with  an  adjustment  system,  is  a 
double  purchase  that  is  unnecessary. 

Troubleshooting  of  Laparoscopic  Light  Source: 

Troubleshooting  for  inadequate  lighting  is  shown  in 
Table  2.1. 

A  laparoscopic  surgeon  should  be  technically  well- 
acknowledged  of  the  principle  of  the  instrument  they  are  using. 
The  purchase  of  a  costly  instrument  is  not  an  answer  for  achieving 
a  good  task,  ability  to  handle  them  is  equally  important. 

LIGHT  CABLE 

Minimal  access  surgery  depends  on  the  artificial  light  available 
in  closed  body  cavity,  and  before  the  discovery  of  light  source 
and  light  cable;  mirrors  were  used  to  reflect  the  light  onto  the 
subject  where  direct  light  access  was  not  possible. 


Table  2.1:  Troubleshooting  of  light  source 


Probable  cause 

Remedy 

Loose  connection  at  source 

or  scope 

Adjust  connector 

Light  is  on  “manual-minimum” 

Go  to  “automatic” 

Bulb  is  burned  out 

Replace  bulb 

Fiberoptics  are  damaged 

Replace  light  cable 

Automatic  iris  adjusting  to  bright 

Dim  room  lights 

Reflection  from  instrument 

Re-position  instruments, 
or  switch  to  “manual” 
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In  1954,  a  major  breakthrough  in  technology  occurred  in 
the  development  of  fiberoptic  cables  (Fig.  2.11).  The  principle 
of  fiberoptic  cable  was  based  on  the  total  internal  reflection 
of  light  Light  can  be  conducted  along  a  curved  glass  rod  due 
to  multiple  total  internal  reflections.  Light  would  enter  at  one 
end  of  the  fiber  and  emerge  at  the  other  end  after  numerous 
internal  reflections  with  virtually  all  of  its  intensity. 

Total  Internal  Reflection 

An  effect  that  combines  both  refraction  and  reflection  is  total 
internal  reflection  (Fig.  2.12).  Consider  light  coming  from  a 
dense  medium  like  water  into  a  less  dense  medium  like  air. 

When  the  light  coming  from  the  water  strikes  the  surface, 
part  will  be  reflected  and  part  will  be  refracted.  Measured 
with  respect  to  the  normal  line  perpendicular  to  the  surface, 
the  reflected  light  comes  off  at  an  angle  equal  to  that  at 
which  it  entered  at,  while  that  for  the  refracted  light  is  larger 
than  the  incident  angle.  In  fact  the  greater  the  incident  angle, 
the  more  the  refracted  light  bends  away  from  the  normal. 
Thus,  increasing  the  angle  of  incidence  from  path  “1”  to 
“2”  will  eventually  reach  a  point  where  the  refracted  angle 
is  90°,  at  which  point  the  light  appears  to  emerge  along  the 
surface  between  the  water  and  air.  If  the  angle  of  incidence 
is  increased  further,  the  refracted  light  cannot  leave  the  water. 
It  gets  completely  reflected.  The  interesting  thing  about  total 
internal  reflection  is  that  it  really  is  total.  That  is  100  percent 
of  the  light  gets  reflected  back  into  the  more  dense  medium, 
as  long  as  the  angle  at  which  it  is  incident  to  the  surface  is 
large  enough. 

Fiberoptics  uses  this  property  of  light  to  keep  light  beams 
focussed  without  significant  loss  (Fig.  2.13). 

The  light  enters  the  glass  cable,  and  as  long  as  the 
bending  is  not  too  sudden,  will  be  totally  internally  reflected 
when  it  hits  the  sides,  and  thus  is  guided  along  the  cable. 
This  is  used  in  telephone  and  TV  cables  to  carry  the  signals. 
Light  as  an  information  carrier  is  much  faster  and  more 
efficient  than  electrons  in  an  electric  current.  Also,  since  light 
rays  do  not  interact  with  each  other  (whereas  electrons 
interact  via  their  electric  charge),  it  is  possible  to  pack  a 
large  number  of  different  light  signals  into  the  same 
fiberoptics  cable  without  distortion.  You  are  probably  most 
familiar  with  fiberoptics  cables  in  novelty  items  consisting 
of  thin,  multi-colored  strands  of  glass  which  carry  light  beams. 
Nowadays,  there  are  two  types  of  light  cable  available: 

1.  Fiberoptic  cable 

2.  Liquid  crystal  gel  cable. 

Fiberoptic  Cable 

Fiberoptics  is  the  science  or  technology  of  light  transmission 
through  (a  bundle  of  optical  fibers)  very  fine,  flexible  glass 
or  plastic  fibers. 


yY  f- ;  “ 


Fig.  2.1 1 :  Fiberoptic  light  cable 
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Fiberoptic  cables  are  made  up  of  a  bundle  of  optical  fiber 
glass  thread  swaged  at  both  ends.  The  fiber  size  used  is  usually 
20  to  150  micron  in  diameter.  A  good  fiberoptic  cable  will 
transmit  all  the  spectrum  of  light  without  loss  (Fig.  2.14).  They 
have  a  very  high  quality  of  optical  transmission,  but  are  fragile. 


The  light  inside  these  fibers  travels  on  the  principle  of 
total  internal  reflection  without  losing  much  of  its  intensity. 
The  multimode  fiber  maintains  the  intensity  of  light  and  the 
light  can  be  passed  in  a  curved  path  of  light  cable 
(Fig.  2.15). 


-  Clear  blue  sky 

-  Monochrome  TV  screen 


-  Cloudy  sky 

-  Xenon  bulb 

-  Sunlight  (neutral  white) 

-  HMI  bulb 

(Mercury  medium  arc  length  iodide) 

-  Fluorescent  tube  (industrial  white) 

-  1  hour  before  sunrise  or  after  sunset 

-  Halogen  lamp  (quartz) 

-  Electric  bulb  (tungsten) 

-  Sunrise  or  sunset 

-  Candle  light 

RGB 

Fig.  2.14:  Spectrum  of  light 
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Fig.  2.15:  Multimode  fiber 
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As  the  light  cables  are  used  progressively,  some  optical 
fibers  break  (Fig.  2.16).  The  loss  of  optical  fibers  may  be 
seen  when  one  end  of  the  cable  is  viewed  in  daylight.  The 
broken  fibers  are  seen  as  black  spots.  To  avoid  the  breakage 
of  these  fibers,  the  curvature  radius  of  light  cable  should  be 
respected  and  in  any  circumstances  it  should  not  be  less 
than  15  cm  in  radius. 

If  the  heat  filter  or  cooling  system  of  light  source  does 
not  work  properly,  the  fibers  of  these  light  cable  is  burnt 
(melt)  and  it  will  decrease  the  intensity  of  light  dramatically 
(Fig.  2.17).  If  poor  quality  fibers  are  used,  it  might  burn  just 
within  a  few  months  of  use. 

Liquid  Crystal  Gel  Cable 

These  cables  are  made  up  of  a  sheath  that  is  filled  with  a 
clear  optical  gel  (Liquid  crystal). 

Crystal  (a  clear,  transparent  mineral  or  glass  resembling 
ice)  is  a  piece  of  solid  substance,  such  as  quartz,  with  a  regular 
shape  in  which  plane  faces  intersect  at  definite  angles,  due  to 
the  regular  internal  structure  of  its  atoms,  ions,  or  molecules. 
Within  a  crystal,  many  identical  paralleled-piped  unit  cells, 
each  containing  a  group  of  atoms,  are  packed  together  to  fill 
all  space  (see  illustration).  In  scientific  nomenclature,  the  term 
crystal  is  usually  short  for  single  crystal,  a  single  periodic 
arrangement  of  atoms.  Most  gems  are  single  crystals. 
However,  many  materials  are  poly  crystalline,  consisting  of 
many  small  grains,  each  of  which  is  a  single  crystal.  For 
example,  most  metals  are  polycrystalline  (Fig.  2.18). 

Liquid  Crystal 

Substance  that  flows  like  a  liquid  but  maintains  some  of  the 
ordered  structure  characteristic  of  a  crystal.  Some  organic 
substances  do  not  melt  directly  when  heated  but  instead 
turn  from  a  crystalline  solid  to  a  liquid  crystalline  state.  When 
heated  further,  a  true  liquid  is  formed.  Liquid  crystals  have 
unique  properties.  The  structures  are  easily  affected  by 
changes  in  mechanical  stress,  electromagnetic  fields, 
temperature,  and  chemical  environment. 

Liquid  Crystal  Gel  Cables  are  capable  of  transmitting  up 
to  30  percent  more  light  than  optic  fibers.  Due  to  lighter  and 
better  color  temperature  transmission,  this  cable  is 
recommended  in  those  circumstances,  where  documentation 
(movie,  photography  or  TV)  is  performed. 

The  quartz  swaging  at  the  ends  is  extremely  fragile, 
especially  when  the  cable  is  hot.  The  slightest  shock,  on  a 
bench  for  example,  can  cause  the  quartz  end  to  crack  and 
thus  cause  a  loss  in  the  transmission  of  the  light. 

Gel  cables  transmit  more  heat  than  optical  fiber  cables. 
These  cables  are  made  more  rigid  by  a  metal  sheath,  which 
makes  them  more  difficult  to  maintain  and  to  store.  In 
conclusion,  even  though  the  choice  is  a  difficult  one,  we 


Fig.  2.16:  Broken  fibers  showing  significant  loss  of  light 


Fig.  2.17:  Burnt  fiber  causes  significant  reduction  in 
intensity  of  light 


Fig.  2.18:  Structure  of  a  simple  crystal 


18 


Section  1 :  Essentials  of  Laparoscopy 


use  optical  fiber  cables,  which  are  as  fragile  as  the  gel  cables 
but  their  flexibility  makes  them  much  easier  to  maintain. 

Attachment  of  the  Light  Cable  to  the  Light  Source 

Conventional  attachment  has  at  right  angle  connection  for 
light  source  and  camera.  Recently,  new  attachment  for  light 
cable  is  available  known  as  DCI  interface  (Display  control 
interface)  (Fig.  2.19).  The  benefit  of  this  is  that  it  maintains 
upright  orientation  regardless  of  angle  of  viewing,  using  auto¬ 
rotation  system.  It  also  provides  single  handed  control  of 
the  entire  endoscope  camera  system. 


total  field  of  view  of  152°  compared  with  the  0°  telescope, 
which  only  provides  a  field  of  view  of  76°  (Fig.  2.21).  The 
30°  forward  oblique  angle  permits  far  greater  latitude  for 


Maintenance  of  Light  Cable 

The  following  points  should  be  followed  for  the  maintenance 

of  light  cable: 

•  Handle  them  carefully. 

•  Avoid  twisting  them. 

•  After  the  operation  has  been  completed,  the  cable  should 
preferably  be  first  disconnected  from  the  endoscope  and 
then  disconnected  from  the  light  source.  In  fact,  most  of 
the  sources  currently  available  have  a  plug  for  holding 
the  cable  until  it  cools  down. 

•  The  end  of  the  crystal  of  cable  should  be  periodically 
cleaned  with  a  cotton  swab  moistened  with  alcohol. 

•  The  outer  plastic  covering  of  the  cable  should  be  cleaned 
with  a  mild  cleaning  agent  or  disinfectant. 

•  Distal  end  of  fiberoptic  cable  should  never  be  placed  on 
or  under  drapes,  or  next  to  the  patient,  when  connected 
to  an  illuminated  light  source.  The  heat  generated  from 
the  intensity  of  light  may  cause  burns  to  the  patient  or 
ignite  the  drapes  (Fig.  2.20). 

•  The  intensity  of  light  source  is  so  high  that  there  is  chance 
of  retinal  damage  if  the  light  will  fall  directly  on  eye. 
Never  try  to  look  directly  on  light  source  when  it  is  lighted. 

TELESCOPE 


Programmable  Parallel  guidence  of 

function  keys  video-output  signal  and 


“Snap-in" 

DCf  COUpIti 
mechanism 

Fig.  2.19:  DCI  attachment  of  light  cable 


There  are  two  type  of  telescope,  rigid  and  flexible. 

The  rigid  laparoscopic  and  thoracoscopic  telescopes  come 
in  a  variety  of  shapes  and  sizes,  and  offering  several  different 
angles  of  view.  The  standard  laparoscope  consists  of  a  metal 
shaft  between  24  to  33  cm  in  length. 

There  are  three  important  structural  differences  in 
telescope  available  in  the  market: 

•  No.  of  the  rod  lens:  From  6  to  18  rod  lens  system  telescopes 

•  The  Angle  of  view:  Between  0°  and  120°  telescopes 

•  The  Diameter:  1.5  to  15  mm  of  telescopes. 

The  Angle  of  View 

Telescopes  offer  either  a  straight-on  view  with  the  0°  or  can  be 
angled  at  25  to  30  or  45  to  50°.  The  30°  telescope  provides  a 


Fig.  2.20:  Negligence  with  light  cable  can  result  in  burn 


Fig.  2.21 :  The  30°  telescope  provides  a  total  field  of  view  of  152° 
compared  with  the  0°  telescope,  which  provides  a  field  of  view  of 
only  76° 
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viewing  underlying  areas  under  difficult  anatomical 
conditions  (Fig.  2.22). 

The  Diameter 

The  most  commonly  used  telescope  has  a  diameter  of 
10  mm  and  provides  the  greatest  light  and  visual  acuity. 
The  next  most  commonly  used  telescope  is  the  5  mm 
laparoscope,  which  can  be  placed  through  one  of  the 
working  ports  for  an  alternative  view.  Smaller-diameter 
laparoscopes,  down  to  a  1.1  mm  scope,  are  available  and 
are  used  mostly  in  children.  They  are  not  used  commonly 
in  adult  patients  because  of  an  inability  to  direct  enough 
light  into  the  larger  abdominal  cavity.  Laparoscopes  as  small 
as  1  mm  have  been  produced  for  diagnostic  use.  The  field 
of  view  and  picture  brightness  are  dramatic  improvements 
over  early  designs.  “Mini”  or  “Micro”  2  mm  laparoscopy  is 
reported  for  diagnostic  and  even  advanced  procedures. 

One  of  the  problems  with  working  with  these  smaller 
laparoscopes  (particularly  those  less  than  3.4  mm)  is  that  they 
tend  to  bend  easily,  leading  to  potential  damage  during  surgery. 

Full  screen  5  mm  laparoscopes  with  images  comparable 
to  many  10  mm  systems  are  now  available. 

The  Lens  System 

There  are  two  lens  system  designs  used  with  the  laparoscopy. 
The  conventional  thin  lens  system  and  the  Hopkins  rod- 
lens  system  design.  The  thin  lens  system,  which  uses  a  series 
of  objective  lenses  to  transport  the  image  down  the 
laparoscope,  is  used  less  commonly.  The  Hopkins  lens 
system  containing  a  series  of  quartz-rod  lenses  that  carry 


the  image  through  the  length  of  the  scope  to  the  eyepiece. 
Rigid  rod  lens  system  provides  good  resolution  and  better 
depth  perception  (Fig.  2.23).  The  Hopkins  lens  system  uses 
more  glass  than  air  so  it  has  improved  light  transmission 
(Fig.  2.24).  Normally  used  telescope  is  the  Hopkins  Forward 
Oblique  Telescope  (30°).  Its  diameter  is  10  mm  length 
33  cm  and  is  autoclavable. 

At  the  distal  end,  it  is  a  front  lens  complex  (inverting 
real-image  lens  system,  IRILS)  which  creates  an  inverted 


Fig.  2.23:  Different  types  of  laparoscope 


Fig.  2  .22:  Angle  of  laparoscope 


Fig.  2.24:  Inside  view  of  laparoscope 
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and  real  image  of  the  subject.  A  number  of  IRILS  transport 
the  image  to  the  eyepiece  containing  a  magnifying  lens.  In 
the  Hopkins  rod-lens  system,  light  is  transmitted  through 
glass  columns  and  refracted  through  intervening  air  lenses. 
The  camera  is  attached  to  the  eyepiece  of  the  laparoscope 
for  processing. 

Digital  laparoscopes ,  in  which  the  laparoscope  and 
camera  head  are  a  single  unit  with  the  imaging  sensor  at 
the  end  of  the  laparoscope,  have  been  available  since  the 
early  1990s.  This  (chip  on  stick  technology)  has  been 
introduced  in  which  Charge-coupling  device-chip  (CCD) 
will  be  at  the  tip  inside  the  abdominal  cavity.  It  is  proved 
that  the  resolution  of  picture  will  be  more  than  250  k  pixels, 
but  suffered  from  the  inability  to  focus  clearly  at  close 
distances  to  the  tissue  and  simply  never  really  caught  on 
(Fig.  2.25). 


Fig.  2.25:  Chip  on  stick  technology 


Telescope  Fiber  Bundle 

The  telescope  also  contains  parallel  optical  fibers  bundle 
that  transmit  light  into  the  abdomen  from  the  light  source 
via  a  light  cable  attached  to  the  side  of  the  telescope.  The 
fiber  bundle  in  the  laparoscope  and  the  fiberoptic  light  cable 
must  be  in  excellent  working  order  so  as  to  achieve  an 
optimal  well-lighted  picture.  The  fiber  bundle  located  along 
a  tract  on  the  periphery  of  the  telescope,  and  occupies  less 
than  half  of  the  circumference  of  the  telescope.  It  is  exit  at 
the  inner  tip  of  the  telescope  is  corresponding  to  the 
attachment  of  the  light  cable  to  the  side  of  the  telescope. 


Fig.  2.26:  Laparoscopic  camera 


LAPAROSCOPIC  CAMERA 

First  medical  camera  was  introduced  by  Circon  Corporation 
in  1972.  Laparoscopic  camera  is  one  of  the  very  important 
instruments  and  should  be  of  good  quality  (Fig.  2.26). 
Laparoscopic  camera  available  is  either  of  single  chip  or 
three  chips.  We  all  know  that  there  are  three  primary  colors 
(Red,  green  and  blue).  All  the  colors  are  mixture  of  these 
three  primary  colors  in  different  proportion. 

The  Charge-coupling  device  (Chip)  (CCD)  is  an 
electronic  memory  that  records  the  intensity  of  light  as  a 
variable  charge.  Widely  used  in  still  cameras,  camcorders 
and  scanners  to  capture  images,  CCDs  are  analog  devices. 
Their  charges  equate  to  shades  of  light  for  monochrome 
images  or  shades  of  red,  green  and  blue  when  used  with 
color  filters.  Three  chips  camera  uses  three  CCDs,  one  for 
each  of  the  red,  green  and  blue  colors  (Fig.  2.27). 

Why  Coupled? 

The  “coupled”  in  the  name  is  because  the  CCD  is  comprised 
of  an  array  of  imaging  pixels  and  a  matching  array  of  storage 
pixels  that  are  coupled  together.  After  the  imaging  array  is 
exposed  to  light,  its  charges  are  quickly  transferred  to  the 


Fig.  2.27:  In  a  camera,  CCDs  take  the  place  of  film.  They  are 
exposed  to  light,  recording  the  intensities,  or  shades  of  light  as 
variable  charges.  In  the  digital  camera  above,  the  variable,  analog 
charges  in  the  CCD  are  converted  to  binary  data(0/1 )  by  analog-to 
Digital  converter  chip  (ADC).  DSP:  Digital  single  processing 
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storage  array.  While  the  imaging  CCDs  are  being  exposed 
to  the  next  picture,  the  storage  CCDs  from  the  last  picture 
are  being  read  out  a  row  at  a  time  to  the  analog-to-digital 
converters  (A/D  converters)  that  transform  the  charges  into 
binary  data(  0/1)  to  be  processed  (Fig.  2.28). 

The  camera  system  has  two  components:  The  head  of 
the  camera  (Fig.  2.29),  which  is  attached  to  the  ocular  of 
the  telescope,  and  the  controller ,  which  is  usually  located 
on  the  trolley  along  with  the  monitor. 

Within  the  head  of  camera  is  an  objective  zoom  lens 
that  focuses  the  image  of  the  object  on  the  chip,  and  a  CCD 
chip  that  “sees”  an  image  taken  by  telescope  (Fig.  2.30).  All 
modern  miniature  cameras  used  in  minimal  access  surgery 
are  based  on  the  charged-couple  device  (chip)  (CCD).  The 
CCD  then  converts  optical  image  into  an  electrical  signal 
that  is  sent  through  the  camera  cable  to  CCU  (Camera 
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Charge-coupling  methods 

Fig.  2.28:  The  storage  CCDs  are  either  a  separate  array  (frame 
transfer)  or  individual  photosites  (interline  transfer)  coupled  to 
each  imaging  photosite.  The  charges  can  be  transferred  faster  with 
the  interline  method  because  each  storage  component  is  closer  to 
its  imaging  counterpart 


control  unit).  The  chip  has  light  sensitive  photoreceptors 
that  generate  pixels  by  transforming  the  incoming  photons 
into  electronic  charges.  The  electronic  charges  are  then 
transferred  from  the  pixels  into  a  storage  element  on  the 
chip.  A  subsequent  scanning  at  defined  time  intervals  results 
in  a  black  and  white  image  with  gray  tones. 

Pixel:  PIX  [picture]  +  EL[element],  picture  element  is  the 
smallest  element  of  a  light-sensitive  device,  such  as  cameras 
that  use  charge-coupled  devices.  It  is  the  smallest  resolved 


Fig.  2.29:  Head  of  camera  (CCD) 


Fig.  2.30:  CCD  camera 
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unit  of  a  video  image  that  has  specific  luminescence  and 
color.  Its  proportions  are  determined  by  the  number  of  lines 
making  up  the  scanning  raster  (the  pattern  of  dots  that  form 
the  image)  and  the  resolution  along  each  line.  In  the  most 
common  form  of  computer  graphics  and  the  CCD  devices, 
the  thousands  of  tiny  pixels  that  make  up  an  individual  image 
are  projected  onto  a  display  screen  as  illuminated  dots  that 
from  a  distance  appear  as  a  continuous  image.  An  electron 
beam  creates  the  grid  of  pixels  by  tracing  each  horizontal 
line  from  left  to  right,  one  pixel  at  a  time,  from  the  top  line 
to  the  bottom  line. 

The  number  of  pixels  determines  the  resolution.  Screen 
resolution  is  rated  by  the  number  of  horizontal  and  vertical 
pixels;  for  example,  1024  x  768  means  1,024  pixels  are 
displayed  in  each  row,  and  there  are  768  rows  (lines). 
Likewise,  bitmapped  images  are  sized  in  pixels:  a  350  x  250 
image  has  350  pixels  across  and  250  down. 

Pixels  and  Subpixels:  In  monochrome  systems,  the  pixel 
is  the  smallest  addressable  unit.  With  color  systems,  each 
pixel  contains  red,  green  and  blue  subpixels,  and  the  subpixel 
is  the  smallest  addressable  unit  for  the  screen’s  electronic 
circuits.  On  a  display  screen,  pixels  are  either  phosphorus 
or  liquid  crystal  elements.  For  monochrome,  the  element  is 
either  energized  fully  or  not.  For  gray  scale,  the  pixel  is 
energized  with  different  intensities,  creating  a  range  from 
light  to  dark.  For  color  displays,  the  red,  green  and  blue 
(RGB)  subpixels  are  each  energized  to  a  particular  intensity, 
and  the  combination  of  the  three  color  intensities  creates 
the  perceived  color  to  the  eye. 

The  average  chip  contains  250000  to  380000  pixels. 

Cameras  are  classified  according  to  the  number  of  chips. 
These  differ  among  other  things,  in  the  way  they  relay  color 
information  to  the  monitor.  Color  separation  is  used  to  create 
a  colored  video  image  from  the  original  black  and  white.  In 
single  chip  cameras,  color  separation  is  achieved  by  adding 
a  stripe  filter  that  covers  the  whole  chip.  Each  stripe  accepts 
one  of  the  complementary  colors  (magenta,  green,  cyan,  or 
yellow)  and  each  pixel  is  assigned  to  one  stripe. 

In  single  chip  camera,  these  three  primary  colors  are 
sensed  by  single  chip.  In  three  chip  camera,  there  are  3 
CCD  chips  for  separate  capture  and  processing  of  three 
primary  colors  (R,  G,  B  colors).  In  three  chip  cameras  color 
separation  is  achieved  with  a  prism  system  that  overlies  the 
chips.  Each  chip  receives  only  one  of  the  three  primary  colors 
(Red,  green  or  blue).  This  system  gives  a  higher  resolution 
and  better  image  quality  because  the  pixel  number  is  three 
times  greater. 

The  video  information,  color  and  light  are  scanned  at  a 
rate  of  525  lines  per  frame  and  30  frames  per  second.  Picture 
resolution  determines  the  clarity  and  detail  of  the  video 
image.  Higher  the  resolution,  the  better  will  be  quality  of 
image.  The  resolution  of  picture  is  ascertained  by  the  number 


of  distinct  vertical  line  that  can  be  seen  in  the  picture.  The 
higher  the  resolution  numbers,  the  sharper  and  cleaner  image 
will  form.  The  CCU  of  camera  is  connected  with  monitor 
and  monitor  converts  the  electrical  image  back  to  the  original 
optical  image. 

These  3  chip  camera  has  unprecedented  color 
reproduction  and  highest  degree  of  fidelity.  Three  chip 
cameras  have  high  horizontal  image  resolution  of  more  than 
750  lines. 

Chip  on  Stick  Technology 

Currently  chip  on  stick  technology  has  been  introduced  in 
which  CCD  will  be  at  the  tip  inside  the  abdominal  cavity.  It 
is  proved  that  the  resolution  of  picture  will  be  more  than 
250  k  pixels  (Fig.  2.26). 

Focusing  of  Laparoscopic  Camera 

Laparoscopic  camera  need  to  be  focused  before  inserting 
inside  the  abdominal  cavity.  At  the  time  of  focusing,  it  should 
be  placed  at  a  distance  of  approximately  10  cm  away  from 
the  target  for  the  10  mm  telescope,  5  mm  for  5  mm  telescope 
and  4  mm  for  4  mm  telescope,  with  an  average  distance  of 
approximately  5  mm  for  all  telescopes.  This  distance  is 
optimum  for  focusing  because  at  the  time  of  laparoscopic 
surgery,  most  of  the  time  we  keep  the  telescope  at  this 
distance. 

White  Balancing  of  Camera 

White  balancing  should  be  performed  before  inserting 
camera  inside  the  abdominal  cavity.  White  balancing  is 
necessary  every  time  before  start  of  surgery  because  every 
time  there  is  some  added  impurities  of  color  due  to  following 
variables: 

•  Difference  in  voltage 

•  Different  cleaning  material  used  to  clean  the  tip  of 
telescope  which  can  stain  the  tip 

•  Scratches,  wear  and  tear  of  the  telescopes  eye-piece, 
object  piece  and  CCD  of  camera. 

White  balancing  is  done  by  keeping  any  white  object  in 
front  of  telescope  attached  with  camera  that  senses  white 
object  as  reference.  It  adjusts  its  primary  color  (Red,  blue 
and  green)  to  make  a  pure  natural  white  color. 

LAPAROSCOPIC  VIDEO  MONITOR 

Surgical  monitors  are  slightly  different  from  the  TV  which 
we  watch  at  home  (Fig.  2.31).  Monitor  lasts  long  so  a  surgeon 
gets  high  end  product  with  at  least  600  lines  resolution.  The 
size  of  the  screen  varies  from  8  to  21  inches.  The  closure 
the  surgeon  is  to  the  monitor,  the  smaller  the  monitor  should 
be  to  get  better  picture.  The  basic  principle  of  image 
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Fig.  2  .31 :  Laparoscopic  monitor 


reproduction  is  horizontal  beam  scanning  on  the  face  of  the 
picture  tube.  This  plate  is  coated  internally  with  a  fluorescent 
substance  containing  phosphorus.  This  generates  electrons 
when  struck  by  beams  from  the  electron  gun.  As  the  beam 
sweeps  horizontally  and  back,  it  covers  all  the  picture 
elements  before  reaching  its  original  position.  This  occurs 
repetitively  and  rapidly.  This  method  is  called  ‘ Horizontal 
linear  scanning'.  Each  picture  frame  consists  of  several  such 
lines  depending  on  the  type  of  system  used. 

Endoscopic  Vision  (Video)  Technology  Evolution 

In  the  past  endoscopic  procedures  were  done  without  the 
aid  of  monitors.  The  operator  visualized  the  interiors  of  the 
patient  directly  through  the  eyepiece  of  the  scope.  This 
method  was  associated  with  many  difficulties.  He  was  the 
only  person  who  could  observe  the  procedure  leading  to 
poor  coordination  with  other  members  of  the  team.  As  a 
result  extensive  and  difficult  procedures  could  not  be 
performed.  The  magnification  was  very  poor.  Surgeons  had 
to  face  problems  with  posture  leading  to  discomfort  and 
strain  as  his  eye  was  always  glued  to  the  eyepiece.  He  had 
difficulties  in  orientation  due  to  visualizing  with  only  one 
eye. 

As  better  methods  of  communication  developed  the 
introduction  of  television  brought  about  a  significant  impact. 
A  good  magnification  of  the  image  was  reproduced.  All 
members  of  the  team  could  visualize  the  procedure. 
Surgeons  could  operate  more  comfortably.  Complex 
procedures  began  to  be  undertaken  and  were  even  recorded. 

Soulas  in  France  first  used  television  for  endoscopic 
procedures  in  1956.  He  demonstrated  the  first  televised 
bronchoscopy.  A  rigid  bronchoscope  was  attached  to  a  black 
and  white  camera  that  weighed  about  100  lbs. 


In  1959,  a  laparoscopic  procedure  was  demonstrated 
using  a  closed  circuit  television  program  using  the  “Fourestier 
method”.  This  method  was  developed  by  transmitting  an 
intense  beam  of  light  along  a  quartz  rod  from  the  proximal 
to  distal  ends  of  the  laparoscope. 

The  first  miniature  endoscopic  black  and  white  television 
camera  was  developed  in  Australia  in  1960  (Fig.  2.32).  It 
weighed  350  grams,  was  45  mm  wide  and  120  mm  long. 
Because  of  its  small  dimensions  it  could  be  attached  to  the 
eyepiece. 

TELEVISION  SYSTEMS 

The  existing  television  systems  in  use  differ  according  to  the 
country.  The  USA  uses  the  NTSC  (National  Television 
System  Committee)  system.  In  European  countries  the  PAL 
(Phase  alternation  by  line)  system  is  in  use.  There  is  also  a 
French  system  called  SECAM  (SEquential  Color  and 
Memory).  The  broadcasting  standards  for  each  are 
summarized  in  Table  2.2. 

The  final  image  depends  upon  the  number  of  lines  of 
resolution,  scanning  lines,  pixels  and  dot.pitch.  The  number 
of  black  and  white  lines  a  system  can  differentiate  gives  the 
lines  of  resolution.  These  can  be  horizontal  and  vertical. 
Horizontal  resolution  is  the  number  of  vertical  lines  that  can 


Fig.  2.32:  Endoscopic  camera 


Table  2.2:  Different  types  of  monitor  systems 


System 

PAL 

SECAM 

NTSC 

Number  of  lines 

625 

625 

525 

Visible  lines  (max) 

Field  frequency  cycles  (cps) 

575 

575 

486 

per  second 

50 

50 

60 

Frames  per  second 

25 

25 

30 
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be  seen  and  vice  versa.  Pixels  denote  the  picture  elements 
and  they  are  responsible  for  picture  resolution.  The  more 
number  of  pixels  is,  the  better  the  resolution.  They  are 
represented  on  the  camera  chip  by  an  individual  photodiode. 
The  restricting  factor  of  information  on  a  scan  line  is  the 
‘dot  pitch’  that  represents  phosphorus  element  size. 

The  NTSC  system  has  certain  drawbacks.  Not  all  the  lines 
of  resolution  are  used.  The  maximum  number  of  lines  visible 
is  reduced  by  40.  Improving  the  resolution  of  the  camera  will 
not  improve  monitor  resolution.  This  is  due  to  a  fixed  vertical 
resolution.  In  addition  to  these  problems,  if  the  phase  angle 
is  disturbed  even  a  little,  it  produces  unwanted  hues. 

The  PAL  system  is  superior  in  certain  aspects.  It  can 
overcome  this  problem  by  producing  alternations  over  the 
axis  of  modulation  of  the  color  signed  by  line.  This  system 
also  deals  with  problems  of  flickering.  It  involves  a  process 
called  ‘interlacing’  where  odd  and  even  lines  in  a  field  are 
scanned  alternatively. 

The  SECAM  system  is  similar  to  PAL  in  these  aspects 
except  that  the  signals  are  transmitted  in  sequence. 

The  Formation  of  the  Color  Image 

Another  important  aspect  one  has  to  keep  in  mind  is  the 
formation  of  the  color  image.  This  is  done  by  super-imposing 
the  data  for  color  on  the  existing  black  and  white  picture. 
The  black  and  white  signal  is  monochromatic  signal ,  and 
combines  with  the  composite  color  signal.  This  gives  the 
final  color  signal. 

Luminance  (brightness)  is  delivered  by  the  black  and 
white  signal.  Chrominance  (color)  is  delivered  by  the  color 
signal.  It  is  called  composite  as  it  contains  the  three  primary 
color  information  (Red,  blue  and  green).  A  system  that 
combines  luminance  and  chrominance  into  one  signal  is 
called  a  “  compound  system” . 

Color  values  can  be  problematic  as  they  can  go  out  of 
phase.  This  is  due  to  their  high  sensitivity.  Applying  a 
reference  mark  for  the  signal  on  the  scanning  line  called  as 
“ color  burst”  can  prevent  this.  The  color  on  a  monitor  can 
be  calibrated.  This  can  be  done  manually  by  using  the 
standard  color  bars  of  NTSC  or  by  using  other  methods  like 
“blue  gun”.  New  monitors  do  not  require  this,  as  calibration 
can  be  done  automatically. 

Monitor  Connecting  Cables 

Images  cannot  be  visualized  on  the  monitor  unless  they  are 
wired.  Monitor  cables  are  of  three  types.  The  RGB  cable 
has  3  wires,  one  for  each  primary  color.  The  Y/C  cable  has 
2  wires,  one  for  the  luminance  (Y)  and  one  for  the 
chrominance  (C)  component.  The  composite  cable  consists 
of  one  pair  of  wires.  An  important  factor  to  realize  is  that  no 
matter  what  type  of  cable  is  used,  whether  it  has  better 


bandwidth  or  other  advantages,  the  final  resolution  depend 
upon  the  monitor  used. 

Frames  of  Reference  in  Vision 

We  face  many  problems  with  monitors  in  regard  to  minimal 
access  surgery.  But  before  dealing  with  them,  a  mention  of 
the  frames  of  reference  in  vision  would  be  apt.  NJ  Wade’s 
paper  on  ‘Frames  of  reference  in  vision’  mentions  various 
frames  namely  retinocentric,  egocentric,  geocentric  and 
pattern  centric.  He  applies  these  to  minimal  access  surgery 
and  finds  a  dissociation  of  pattern  centric  motion  (seen  on 
the  monitor)  and  the  area  of  manipulation.  Any  visual  motor 
task  requires  a  match  between  the  coordinate  systems 
operating  in  both  vision  and  motor  control.  Knowledge  of 
these  frames  can  alter  our  perspective  of  the  way  things 
happen  in  minimal  access  surgery  with  respect  to  vision. 

Drawbacks  with  the  Monitor 

After  routine  use,  we  encounter  many  drawbacks  with  the 
monitor. 

Only  a  2D  image  can  be  seen  on  present  day  monitors. 
The  operative  field  is  represented  only  by  monocular 
depth  cues. 

Monitor  positioning  is  such  that  the  visual  motor  axis  is 
disrupted. 

The  monitor  distance  from  the  surgeon  is  also  quite  far. 
As  a  result,  the  efficiency  of  the  surgeon  decreases. 

Apart  from  pictorial  depth  cues  the  picture  can  be  further 
disturbed  by  anticues.  These  may  originate  from  the  monitor. 
Glaring  effect  due  to  reflection  is  one  of  these  important 
anticues. 

Imaging  Technical  Terms 

Resolution  means  the  degree  of  sharpness  of  a  displayed  or 
printed  image;  simply,  the  ability  of  a  television  or  film  image 
to  reproduce  fine  detail. 

Resolution  is  defined  as  (Pixels  per  inch);  the  maximum 
number  of  pixels  that  can  be  displayed  on  a  screen  monitor, 
expressed  as  (number  of  horizontal  pixels)  x  (number  of 
vertical  pixels),  i.e.  1024  x  768.  The  ratio  of  horizontal  to 
vertical  resolution  is  usually  4:3,  the  same  as  that  of 
conventional  television  sets. 

For  a  monitor ,  a  screen  resolution  of  1920  x  1200  means 
1,920  pixels  horizontally  across  each  of  1,200  lines,  which 
run  vertically  from  top  to  bottom. 

For  printers  and  scanners ,  resolution  is  expressed  as  the 
number  of  dots  per  linear  inch  (Printed  dots  per  inch-  dpi). 
300  dpi  means  300  x  300  or  90,000  dots  per  square  inch. 
Laser  printers  and  plotters  have  resolutions  from  300  to 
1,200  dpi  and  more,  whereas  most  display  screens  provide 
less  than  100  dpi  (Figs  2.33  and  2.34). 
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STANDARD  SCREEN  RESOLUTIONS 

These  resolutions  have  a  1.33:1  (4:3)  aspect  ratio, 

except  for  SXGA,  which  is  1.25:1 . 


VGA  (640x480) 

SVGA  (800x600) 

XGA  (1024x768) 

Macintosh  (1152x870) 

SXGA  (1280x1024)  1.25:1  — 

UXGA  (1600x1200) 

GXGA  (2048x1536  or  2048x1600) 

SXGA+ (1400x1050) 


Fig.  2.33:  Standard  screen  resolution,(4:3)  aspect  ratio, i.e.  the 
height  is  somewhat  approximates  to  the  width 


WIDE  SCREEN  RESOLUTIONS 
HDTV  uses  a  1.78:1  (16:9)  aspect  ratio. 

Many  hollywood  movies  are  shot  at  1 .85:1  and  2  35:1 , 


WXGA  (1280x800)  1.6:1 
WXGA(  1360x768)  1.78:1 
WXGA  (1366x768)  1.78:1 


WSXGA  (1680x1050)  16:1 


WUXGA  (1920x1080)  16:1 
^UXGAn920x1200^^ 


LARGER  WIDE  SCREENS 


Fig.  2.34:  WIDE  and  LARGER  Screen  Resolution,  (16:9)  aspect 
ratio,  i.e.  the  width  is  more  than  the  height 


Gain  controls  the  brightness  of  the  image  under 
conditions  of  low  light  by  recruiting  pixels  to  increase  signal 
strength.  Clearly,  this  step  results  in  some  loss  of  image 
resolution.  This  increases  light  but  results  in  a  grainy  picture 
with  poorer  resolution.  It  also  may  create  a  loss  of  color 
accuracy  owing  to  amplification  of  the  noise-to-signal  ratio) . 

The  gain  should  be  off  at  the  beginning  of  a  routine 
procedure  (not  needed  in  routine  situations).  There  are  two 
good  reasons  for  this.  First,  inadequate  light  at  the  beginning 
of  the  procedure  is  an  indication  that  a  piece  of  equipment 
is  malfunctioning,  a  situation  that  should  be  rectified  before 
getting  too  involved  with  the  procedure.  Second,  the  use  of 
“gain”  comes  at  the  expense  of  picture  resolution,  resulting 
in  a  somewhat  grainy  image  on  the  monitor,  while  turning 
the  brightness  knob  to  maximum  produces  a  very  washed- 
out  picture.  A  good  general  rule  of  thumb  to  follow  is  to 
look  in  the  right  upper  quadrant  and  visualize  the  space 
over  the  liver.  The  entire  dome  of  the  liver  and  right  lateral 
diaphragm  should  be  well  lit  and  easily  seen.  If  not,  then 
the  lighting  system  should  be  evaluated  and  optimized  prior 
to  beginning  the  dissection  (Figs  2.35A  and  B). 

Contrast:  The  extent  to  which  adjacent  areas  of  an 
optical  image,  on  a  monitor  screen,  differ  in  brightness.  It 
is  the  difference  in  visual  properties  that  makes  an  object 
(or  its  representation  in  an  image)  distinguishable  from 
other  objects  and  the  background.  In  visual  perception  of 
the  real  world,  contrast  is  determined  by  the  difference  in 
the  color  and  brightness  of  the  object  and  other  objects 
within  the  same  field  of  view.  Because  the  human  visual 
system  is  more  sensitive  to  contrast  than  absolute 
luminescence,  we  can  perceive  the  world  similarly 
regardless  of  the  huge  changes  in  illumination  over  the 
day  or  from  place -to-place  (Fig.  2.36). 

Luminescence ,  is  a  general  term  applied  to  all  forms  of 
cool  light ,  i.e.  light  emitted  by  sources  other  than  a  hot, 
incandescent  body. It  is  a  process  by  which  an  excited 
material  emits  light  in  a  process  not  caused  solely  by  a  rise 
in  temperature.  The  excitation  is  usually  achieved 
with, ultraviolet  radiation,  X-rays,  electrones,  alpha  particles, 
electrical  fields,  or  chemical  energy.  The  color  or  wavelength, 
of  the  light  emitted  is  determined  by  the  material,  while  the 
intensity  depends  on  both  the  material  and  the  input  energy. 
Examples  of  luminescence  include  light  emissions  from  neon 
lamps,  luminescent  watch  dials,  television  and  computer 
screens,  fluorescent  lamps,  and  fireflies. 

Modulation  Transfer  Function 

The  endoscopes  transmit  resolution  and  contrast  to  the 
monitor.The  efficacy  by  which  this  occurs  determines  the 
more  delicate  aspects  of  the  image.  Resolution  and  contrast 
can  be  measured  on  a  especially  designed  optical  bench 
and  expressed  as  modulation  transfer  function  (MTF).  If  there 
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Figs  2.35A  and  B:  Gallbladder  lighting  scene:  (A)  Poorly  lit  right  upper  quadrant.  The  diaphragm  is  barely  visible; 

(B)  Same  patient  after  faulty  light  cable  is  replaced 


Fig.  2  .36:  Changes  in  the  amount  of  contrast  in  a  photo,  left  side  of  the  image  has 
low  contrast,  the  right  side  of  the  image  has  higher  contrast 
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is  excessive  glare  in  the  picture  then  contrast  and  resolution 
decrease.  Distortions  of  the  image  can  occur  and  if  these 
lines  seem  to  curve  outwards  they  are  called  “ barrel 
distortion” .  Field  curvature  occurs  when  there  is  improper 
focus  of  the  center  from  other  parts.  Astigmatism  can  occur 
when  some  lines  of  different  orientation  are  present  in  focus 
and  others  are  not. 

Temporal  Aliasing 

When  a  moving  object  is  shown  on  a  monitor,  unless  the 
speed  with  which  it  is  moving  is  similar  to  the  refresh  rate, 
then  jerky  movements  will  occur.  This  is  called  “  temporal 
aliasing”.  This  can  be  prevented  by  the  use  of  filters,  or  by 
performing  slow  movements.  Fatigue  and  headache  can  occur 
due  to  disturbance  of  saccadic  eye  movements.  These  are 
rapid  eye  movements  used  to  visualize  the  borders  of  a  field. 

Gaze-Down  Position 

When  a  surgeon  has  to  constantly  look  in  a  different  direction 
and  operate  in  another  his  efficiency  to  perform  declines. 
The  job  becomes  even  more  difficult  if  the  monitor  is 
positioned  at  a  further  distance,  giving  rise  to  spatial 
disorientation.  A  surgeon  can  perform  optimally  if  he  can 
look  and  operate  in  the  same  direction  as  in  open  surgery. 
This  can  also  be  called  the  “ gaze-down  position” . 

THREE-DIMENSIONAL  VISION 

One  of  the  major  limitations  of  minimal  access  surgery  is 
the  loss  of  depth  perception.  The  surgeon  works  with  an 
artificial  two-dimensional  video  pictures  available  on  the 
monitor.  There  is  a  need  to  develop  some  mechanism  to 
improve  depth  perception  or  stereoscopic  vision. 
Stereoscopic  vision  is  needed  for  precise  and  fast  complex 
manipulations  because  perception  of  space  and  depth  are 
necessary  in  surgery. 

Stereopsis  (3D  Perception) 

Stereopsis  refers  to  perception  of  three-dimensional  shape 
from  any  source  of  depth  information.  Unlike  horses, 
humans  have  two  eyes  located  side-by-side  in  the  front  of 
their  heads.  Due  to  the  close  side-by-side  positioning,  each 
eye  takes  a  view  of  the  same  area  from  a  slightly  different 
angle  (Fig.  2.37). 

The  two  eyes  have  different  views  of  the  visual  world 
and  these  different  views  set-up  disparities  that  give  us 
information  about  relative  depth  of  the  image  that  is  third 
dimension  of  vision.  Binocular  disparity  results  when  image 
of  an  object  falls  on  different  areas  of  the  two  retinas  and 
binocular  vision  or  stereopsis  is  impression  of  depth 
resulting  from  differences  in  the  images  on  these  two 


Fig.  2.37:  Difference  in  angle  of  light  on  different  retinas 

retinas.  We  lose  stereoscopic  vision  in  laparoscopy  because 
both  eyes  see  same  two-dimensional  pictures  available  on 
the  monitor. 

Stereoscopic  vision  is  simultaneous  vision  with  two  eyes 
(Binuclear  vision ),  producing  a  visual  experience  of  the  third- 
dimension  (the  depth),  that  is,  a  vivid  perception  of  the 
relative  distances  of  objects  in  space.  In  this  experience  the 
observer  seems  to  see  the  space  between  the  objects  located 
at  different  distances  from  the  eyes  (The  three-dimensions 
are  width,  length,  and  depth). 

It  is  present  in  normal  binocular  vision  because  the  two 
eyes  view  objects  in  space  from  two  points,  so  that  the  retinal 
image  patterns  of  the  same  object  points  in  space  are  slightly 
different  in  the  two  eyes.  The  stereoscope,  with  which 
different  pictures  can  be  presented  to  each  eye,  demonstrates 
the  fundamental  difference  between  stereoscopic  perception 
of  depth  (third-dimension)  and  the  conception  of  depth  and 
distance  from  the  monocular  view. 

Humans  normally  have  Binocular  vision,  i.e.  separate 
images  of  the  visual  field  are  formed  by  each  eye;  the  two 
images  fuse  to  form  a  single  impression.  Because  each  eye 
forms  its  own  image  from  a  slightly  different  angle,  a 
stereoscopic  effect  is  obtained,  and  depth,  distance,  and 
solidity  of  an  object  are  appreciated.  Stereoscopic  color 
vision  is  found  primarily  among  the  higher  primates,  and  it 
developed  fairly  late  on  the  evolutionary  scale. 

Binocular  Vision 

Vision  with  two  eyes.  In  binocular  vision,  the  visual  axes  of 
the  eyes  are  arranged  in  such  a  manner  that  the  images  of 
the  object  viewed  strike  the  identical  portions  of  the  retinas 
of  both  eyes.  This  produces  a  single  stereoscopic  image — a 
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view  of  the  world  in  relief.  Binocular  vision  also  makes  it 
possible  to  determine  visually  the  relative  location  of  objects 
in  space  and  to  judge  their  distance  from  each  other.  When 
looking  with  one  eye — that  is,  with  monocular  vision — the 
distance  of  objects  can  likewise  be  judged,  but  not  as 
accurately  as  with  binocular  vision. 

Physiology  of  Three-dimensional  Vision 

Human  eye  is  sensitive  to  the  electromagnetic  wavelength 
between  400  and  700  nm.  The  “electromagnetic  energy” 
in  the  range  of  approximately  “400  to  700  nm”,  which  the 
human  eye  can  transduce,  is  called  “light”.  The  eyes 
transduce  light  energy  in  the  electromagnetic  spectrum  into 
nerve  impulses. 

In  1838,  Charles  Wheatstone  published  the  first  paper 
on  stereopsis  entitled  “On  some  remarkable  and  hitherto 
unobserved,  phenomena  of  binocular  vision”.  In  this  he 
pointed  out  that  the  positional  differences  in  the  two  eye’s 
images  due  to  their  horizontal  separation  yielded  depth 
information.  Prior  to  this  time,  the  principal  problem  in  the 
study  of  binocular  vision  was  “how  the  world  seen  as  single 
when  we  have  two  different  views  of  it?”  People  thought 
that  only  objects  with  the  same  visual  directions,  falling  on 
corresponding  points  would  be  seen  as  single,  all  other  points 
would  be  double.  By  means  of  the  stereoscope  that  he 
invented.  Wheatstone  demonstrated  that  the  stimulation  of 
noncorresponding  points  yield  singleness  of  vision,  and 
results  in  the  Perception  of  Depth. 

Cells  in  visual  cortex  are  sensitive  for  binocular  vision. 
Some  cells  are  sensitive  for  corresponding  areas  of  the  left 
and  right  retinas  and  some  have  sensation  for  non¬ 
corresponding  areas  of  the  two  retinas.  The  difference  in 
image  on  the  two  retinas  of  eye  is  perceived  by  cortex  as  a 
Depth.  Binocular  disparity  provides  the  visual  system  with 
information  concerning  the  three-dimensional  layout  of  the 
environment.  Recent  physiological  studies  in  the  primary 
visual  cortex  provide  a  successful  account  of  the  mechanisms 
by  which  single  neurons  are  able  to  signal  disparity. 

Recent  studies  of  visual  perception  have  begun  to  reveal 
the  connection  between  neuronal  activity  in  the  brain  and 
conscious  visual  experience.  Transcranial  magnetic 
stimulation  of  the  human  occipital  lobe  disrupts  the  normal 
perception  of  objects  in  ways  suggesting  that  important 
aspects  of  visual  perception  are  based  on  activity  in  early 
visual  cortical  areas.  Recordings  made  with  microelectrodes 
in  animals  suggest  that  the  perception  of  the  lightness  and 
depth  of  visual  surfaces  develops  through  computations 
performed  across  multiple  brain  areas. 

Even  though  the  picture  on  the  monitor  is  two- 
dimensional,  the  operator  can  assume  some  depth  due  to 
different  cues  for  monocular  vision.  This  is  known  as  “ Depth 
cue ”  (Fig.  2.38). 


Among  the  entire  depth  cue  mentioned  above,  only  few 
monocular  are  available  on  the  monitor  screen.  Oculomotor 
binocular  depth  cue  like  convergence,  accommodation  and 
stereopsis  is  lost  in  two-dimensional  monitor  screen. 

Even  though  the  picture  is  two-dimensional,  these  depth 
cues  helps  our  brain  to  interpret  a  two-dimensional  image 
into  virtual  three-dimensional  feeling.  Today,  the  picture 
on  the  screen  is  2D  but  our  brain  is  continuously  converting 
this  2D  image  in  3D  by  the  help  of  different  monocular  depth 
cues.  This  conversion  of  two-dimensional  pictures  into  three- 
dimensional  pictures  by  brain  helps  the  surgeon  to  perform 
a  task  in  laparoscopic  surgery. 

A  telescope  with  light  delivering  through  a  separate 
illumination  cannula  was  developed  by  Schurr  in  1996  (Fig. 
2.39). 

With  slight  modification,  the  section  for  minimally 
invasive  surgery,  University  of  Tubingen,  and  MGB 
Endoskopische  Gerate  GmbH  Berlin  Company  have 
introduced  a  new  shadow  telescope  in  1999  (Fig.  2.40). 

Shadow  telescope  is  a  rigid  10  mm  endoscope  with  30° 
view  direction  and  uses  additional  illumination  fibers  ending 


Fig.  2.38:  Different  depth  cues:  The  depth  cues  which  are 
crossed  are  lost  in  minimal  access  surgery 
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Fig.  2.40:  Shadow  telescope  of  Tubingen  University 


in  an  optimized  distance  behind  the  front  lens.  This 
arrangement  of  illumination  fibers  creates  a  more  natural 
and  more  plastic  appearance,  a  better  balanced  contrast 
and  a  well-dosed  visible  shadow.  The  shadow  gives 
additional  secondary  space  clues  and,  therefore,  improves 
orientation  and  judgment  of  the  three-dimensional 
properties. 

In  shadow  telescope,  angle  between  the  first  and  second 
source  of  illumination  is  fixed  and  due  to  this  shadow  is 
also  fixed.  The  second  problem  with  this  telescope  is  that 
the  light  which  is  creating  shadow  comes  from  below  but 
we  do  not  usually  experience  getting  illuminated  from  the 
floor.  All  the  light  in  our  day-to-day  life  is  coming  from  above, 
and  most  of  the  time,  the  shadow  we  are  seeing  lies  below 
the  object.  But  in  this  telescope,  the  shadow  is  above  the 
object  and  so  the  shadow  seems  to  be  unnatural. 

INVENTION  OF  IDEAL  SHADOW  IN 
LAPAROSCOPIC  SURGERY 

The  first  ideal  shadow  was  introduced  in  laparoscopic 
surgery  by  Dr  RK  Mishra  in  the  University  of  Dundee,  UK 
(Fig.  2.41).  This  is  based  on  the  introduction  of  one 
additional  light  source  through  a  separate  port  for  the 
generation  of  natural  shadow  in  minimal  access  surgery. 

Due  to  the  limitations  of  currently  present  shadows 
producing  techniques,  necessity  was  felt  for  development 
of  some  newer  methods  of  shadow  production.  Shadow 
can  play  a  very  powerful  role  in  defining  form  by  giving  the 
object  a  three-dimensional  feel  and  it  is  easy  to  generate. 
Although  shadow  is  an  important  depth  cue,  but  too  much 
shadow  may  cause  blurred  working  field  for  surgeons  and 
shadow  in  wrong  direction  may  have  adverse  effect  on  the 
performance  of  surgeon. 


Fig.  2.41:  Shadow  in  laparoscopy 


To  increase  the  task  performance  in  minimal  access  surgery 
we  recommend  certain  general  rules  about  shadows.  First,  light 
which  will  cast  shadow  ideally  should  come  from  above. 
Second,  to  enhance  the  task  performance  with  shadow,  the 
contrast  of  shadow  should  be  mild  (22-42%).  This  useful 
percentage  of  contrast  can  be  achieved  by  equal  intensity  setting 
and  equal  distance  of  both  the  light  sources  from  the  operating 
field.  Third,  too  much  shadow  (more  than  60%)  should  be 
avoided  because  very  dark  shadow  can  increase  the  error  rate 
by  interfering  with  the  view  of  plane  of  dissection. 

THREE-DIMENSIONAL  VIDEO  SYSTEMS 

The  3D  Technology  Systems 

The  most  commonly  used  systems  depend  on  rapid  time 
sequential  imaging  with  two  cameras  and  one  monitor  and 
are  based  on  the  physiological  phenomenon  of  retinal 
persistence.  Both  channels  alternate  (open/close)  with 
sufficient  speed  (50-60  Hz)  to  avoid  detection  of  flicker  by 
the  human  eye.  The  monitors  must  therefore  have  double 
the  frequency  (100-120  Hz).  Sequential  switching  between 
the  two  eyes  is  necessary  to  ensure  that  the  correct  image 
(left  and  right)  falls  on  the  corresponding  retina  otherwise 
picture  will  overlap.  This  is  achieved  by  wearing  special 
optical  glasses  that  act  as  alternating  shutters  to  each  eye. 
The  current  problem  with  these  optical  shutters,  especially 
the  active  battery  operated  liquid  crystal  display  type  shutter 
is  loss  of  brightness  and  color  degradation.  There  is  no 
clinically  proved  evidence  that  current  three-dimensional 
systems  improve  performance  of  laparoscopic  surgery. 

The  current  3D  technology  is  harmful  to  the  surgeon  on 
prolonged  use  as  it  gives  incorrect  depth  perception  and 
results  in  headache  and  eyestrain. 
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Another  way  in  which  3D  images  can  be  obtained  is  a 
mechanism  by  which  the  surgeon  wears  a  polarized  glass. 
The  shutter  mechanism  is  present  in  the  monitor.  The  final 
image,  however,  occurs  by  the  fusion  of  the  two  images  in 
the  brain.  The  current  3D  systems  can  only  be  operated 
from  a  very  close  distance  and  if  placed  further  will  not 
produce  the  desired  3D  effect. 

New  3D  Techniques 

With  the  increasing  demands  for  technological  development 
many  new  techniques  are  currently  under  trial.  These  seem 
to  eliminate  some  of  the  problems  encountered,  but  only 
time  and  repeated  use  will  tell. 

Head  Mounted  Display  (HMD)  is  an  interesting  technique 
that  aims  at  normalizing  the  visual-motor  axis.  It  consists  of 
a  monitor  and  the  necessary  connections  mounted  to  the 
surgeon’s  head  with  the  power  supply  pack  attached  to  the 
back  of  the  surgeon’s  shirt.  It  is  not  very  heavy  and  also 
allows  the  surgeon  to  view  peripherally. 

The  optical  characteristics  are: 

•  Lines  of  resolution — 420  x  320  lines 

•  Contrast  ratio — 100:  1 

•  Horizontal  field  of  vision — 22° 

•  Diagonal  field — 27.5° 

•  Vertical  field — 19°. 

The  surgeon  using  the  display  will  have  to  make 
adjustments  to  the  inter-pupillary  distance,  focus  and  the 
distance  from  his  eyes  each  time.  Studies  have  shown  HMD 
to  have  certain  advantages.  It  is  light  weight,  comfortable  to 
position,  reduces  mental  stress,  is  cheaper  than  monitor 
systems,  and  decreases  eye  strain.  It  allows  the  surgeon  to 
visualize  the  operative  field  directly  (the  abdomen  and  ports). 
The  problems,  however,  are  that  the  picture  is  granular, 
definition  is  not  very  good  and  nausea  can  occur. 

As  mentioned  before,  the  gaze  down  position  is  said  to 
improve  the  performance  of  the  surgeon  as  it  brings  the 
alignment  between  his  hands  and  eyes  to  normal.  This 
principle  has  been  used  in  a  project  called  “view-site”.  This 
mechanism  is  used  to  project  the  operative  field  image  onto 
a  sterile  screen  placed  on  the  patient’s  abdomen  close  to 
the  original  area  of  surgery.  However,  it  cannot  be  used  for 
extensive  procedures  as  the  image  field  is  small,  resolution 
is  not  up  to  the  mark  and  separation  and  identification  of 
tissue  planes  becomes  difficult  if  bleeding  were  to  occur. 

Image  display  systems  are  now  available  which  project 
the  image  on  to  a  sterile  screen  overlying  the  chest  of  the 
patient.  This  aids  both  cerebral  processing  of  the  image  and 
endoscopic  manipulations  and  improves  both  quality  and 
efficiency  of  performance  (Fig.  2.42).  The  limitation  of  the 
current  “gaze  down”  image  display  systems  are  diminished 
resolution  and  encroachment  of  the  operative  field  by  the 
sterile  screen. 


Fig.  2.42:  Projection  systems  in  minimal  access  surgery 


Suspended  Image  System 

An  experimental  system  (suspended  image  system  [SIS])  being 
developed  at  the  University  of  Dundee  and  the  Central  Research 
Laboratory  (EMI)  projects  the  image  in  air  on  top  of  the  patient, 
which  means  there  is  no  screen  to  obstruct  the  surgeon’s 
movement.  This  is  called  the  suspended  image  system  (SIS).  It 
consists  of  two  components:  a  high  precision  retro-reflector  and 
a  beam  splitter.  With  the  help  of  these,  the  system  can  produce 
images  with  good  resolution  and  can  suspend  them  on  top  of 
the  patient  in  close  vicinity  to  the  operative  site.  The  advantages 
of  this  method  are  that  there  is  no  distortion,  object  can  be  placed 
anywhere,  focal  length  is  not  specific  and  the  image  is  similar 
to  the  original  in  size.  This  system  is  also  said  to  improve 
the  sense  of  depth,  as  there  are  no  anti-cues.  Also,  the  visual 
motor  axis  is  correctly  aligned  for  optimal  performance. 

VISTRAL  is  a  system  currently  under  trial.  The  advantage 
of  this  system  is  that  it  does  not  allow  flatness  cues  to  occur 
in  2D  pictures.  This  improves  the  sense  of  depth  and  it  does 
not  require  binocular  depth  cues.  It  is  also  said  to  reduce 
fatigue  and  eye  strain.  However,  this  system  does  not  bring 
about  any  changes  to  resolution,  brightness  and  color. 

Advancement  in  TV  System  Technology 

High  Definition  Television 

Another  remarkable  advancement  in  technology  is  the  High 
Definition  Television  (HDTV).  It  uses  component  signals, 
the  resolution  of  the  picture  is  much  better,  and  there  are 
no  distortions.  They  use  about  1,100  lines  of  resolution. 

Palpius 

The  alternatives  to  HDTV  are  the  PALPLUS  which  is  an 
advanced  modification  of  PAL  and  D2-MAC,  HD-MAC 
which  are  used  for  satellite  transmissions. 
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Table  2.3:  Different  types  of  TV  system 


System 

Japan 

(NHK/Sony) 

Europe 
(EUREKA  95) 

USA 

Number  of  lines 

1125 

1250 

1050 

Visible  lines  (92%) 

1035 

1150 

966 

Pixels  per  line 

1831 

2035 

1709 

Total  number  of  pixels 

1895085 

2340250 

1650894 

Field  frequency  (cps) 

60 

50 

59,  94 

Luminance 

20 

20 

20 

Chrominance 

7 

7 

7 

These  systems,  however,  require  large  amounts  of  space 
and  can  cause  problems  during  transmission.  Due  to  the 
increased  definition,  small  unwanted  movements  can  be 
magnified  and  visual  stress  can  be  increased. 

Some  systems  are  currently  under  evaluation  and  their 
requirements  are  given  in  Table  2.3. 
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Chapter 


Laparoscopic  Equipment  and 
Instrument 


INSUFFLATION  SYSTEM 

Laproflattor 

The  electronic  C02  Laproflattor  is  a  general  purpose 
insufflation  unit  for  use  in  laparoscopic  examinations  and 
operations  (Fig.  3.1). 

Controlled  pressure  insufflation  of  the  peritoneal  cavity 
is  used  to  achieve  the  necessary  work  space  for  laparoscopic 
surgery  by  distending  the  anterolateral  abdominal  wall  and 
depressing  the  hollow  organs  and  soft  tissues.  Carbon 
dioxide  is  the  preferred  gas  because  it  does  not  support 
combustion.  It  is  very  soluble  which  reduces  the  risk  of  gas 
embolism,  and  is  cheap.  Automatic  insufflators  allow  the 
surgeon  to  preset  the  insufflating  pressure,  and  the  device 
supplies  gas  until  the  required  intra-abdominal  pressure  is 
reached.  The  insufflator  activates  and  delivers  gas 
automatically  when  the  intra-abdominal  pressure  falls 


because  of  gas  escape  or  leakage  from  the  ports.  The 
required  values  for  pressure  and  flow  can  be  set  exactly 
using  jog  keys  and  digital  displays.  Insufflation  pressure  can 
be  continuously  varied  from  0  to  30  mm  Hg;  total  gas  flow 
volumes  can  be  set  to  any  value  in  the  range  0  to  9.9  liters/ 
mm. 

Patient  safety  is  ensured  by  optical  and  acoustic  alarms 
as  well  as  several  mutually  independent  safety  circuits.  The 
detail  function  and  quadro-manometric  indicators  of 
insufflator  is  important  to  understand  safety  point  of  view. 
The  important  indicators  of  insufflators  are  preset  pressure, 
actual  pressure,  flow  rate  and  total  gas  used. 

SUCTION/IRRIGATION  SYSTEM 

It  is  used  for  flushing  the  abdominal  cavity  and  cleaning 
during  endoscopic  operative  intrusions  (Fig.  3.2). 


Fig.  3.1  :  Insufflator 


Fig.  3.2:  Laparoscopic  suction  irrigation  machine 
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It  has  been  designed  for  use  with  the  26173  AR  suction/ 
instillation  tube.  Its  electrically  driven  pressure/suction  pump 
is  protected  against  entry  of  bodily  secretions.  The  suction 
irrigation  machine  is  used  frequently  at  the  time  of 
laparoscopy  to  make  the  field  of  vision  clear.  Most  of  the 
surgeons  use  normal  saline  or  Ringer  Lactate  for  irrigation 
purposes.  Sometime  heparinized  saline  is  used  to  dissolve 
blood  clot  to  facilitate  proper  suction  in  case  of  excessive 
intra-abdominal  bleeding. 

Irrigation  and  Suction  Tube 

A  suction-irrigation  probe  can  be  a  versatile  instrument. 
Laparoscopic  suction  and  irrigation  tube  is  one  of  the  very 
important  instruments  which  surgeon  should  practice  frequently 
(Fig.  3.3).  Vision  is  one  of  the  limitations  of  laparoscopic  surgery. 
The  blood  is  the  darkest  color  inside  abdominal  cavity  and 
excess  of  blood  inside  absorbs  most  of  the  light.  Whenever 
there  is  bleeding,  one  should  first  try  to  suck  it  out.  Controlled 
suction  and  irrigation  enhance  the  observation  and  improve 
operative  technique.  Suction  irrigation  tube  also  can  be  used 
for  blunt  dissection.  At  the  time  of  using  suction  and  irrigation, 
the  tip  of  the  suction  irrigation  cannula  should  be  dipped  inside 
blood,  otherwise  the  gas  will  be  sucked  and  surgeon  will  lose 
his  vision  due  to  loss  of  pneumoperitoneum.  10  mm  suction 
tube  should  be  used  if  there  is  more  than  1,500  ml  of 
hemoperitoneum  or  if  there  is  blood  clots  inside  the  abdominal 
cavity.  Sometime  small  spilled  stones  can  also  be  sucked  with 
the  help  of  laparoscopic  irrigation  suction  tube  at  the  time  of 
laparoscopic  cholecystectomy.  It  is  very  useful  instrument  for 
doing  peritoneal  toilet  in  case  of  appendicular  or  duodenal 
perforation. 

ENERGY  SOURCE  SYSTEM 

Electrosurgery  is  the  use  of  radiofrequency  alternating 
current  to  cut  and  coagulate  tissues.  It  has  proven  a  major 
advance  in  surgery  by  minimizing  blood  lose,  reducing 
operative  time,  and  providing  a  clear  and  clean  surgical 
field  without  the  needto  tie  off  all  blood  vessels. 

In  laparoscopy  cutting  and  the  establishment  of 
hemostasis  forms  the  core  of  laparoscopic  surgery.  For  a 
laparoscopic  hernia  repair  both  monopolar  and  bipolar 
modes  are  required. 


Fig.  3.3:  Laparoscopic  irrigation  and  suction  tubes 


Coagulating  and  Dissecting  Electrodes 

Spatula  and  hook  is  the  main  electrode  used  for  monopolar 
cutting  and  coagulation  (Fig.  3.4). 

Spatula  is  either  “W”  shaped  or  blunt.  Hooks  are  also  of 
various  shapes,  e.g.  “L”  shaped,  “J”  shaped  or  “U”  shaped 
(Fig.  3.5). 

Hooks  are  simple  instrument  whose  distal  tip  can  vary 
slightly.  They  must  be  insulated  along  the  entire  length 
because  they  are  used  with  the  monopolar  current.  The  hook 
with  ceramic  cone  protecting  the  distal  end  is  available  which 
protects  efficiently  against  current  diffusion  (Fig.  3.6). 

Some  ball  shaped,  Barrel  shaped  or  straight  coagulation 
electrodes  are  also  available  to  achieve  proper  hemostasis. 
These  blunt  electrodes  are  particularly  useful  when  there  is 
generalized  oozing  of  blood  and  surgeon  cannot  see  specific 
bleeder  point,  e.g.  bleeding  from  the  gallbladder  bed  at  the 
time  of  laparoscopic  cholecystectomy.  These  blunt 
electro-surgical  instruments  are  also  used  for  fulguration  at 
the  time  of  ablation  of  endometriosis. 

Bipolar  Forceps 

Bipolar  forceps  are  one  of  the  very  important  electrosurgical 
instruments  in  minimal  access  surgery  (Fig.  3.7). 


Fig.  3.5  :  Various  types  of  hooks 
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It  is  safer  than  monopolar  instruments  because  electron 
travels  only  through  the  tissue  held  between  the  jaw  and 
patients  body  is  not  a  part  of  circuit.  Both  the  jaw  of  bipolar 
is  insulated  and  the  patients  return  plate  is  not  necessary  to 
be  attached  (Fig.  3.8). 

The  detailed  principle  of  electrosurgery  is  discussed  later 
in  laparoscopic  dissection  techniques. 

LAPAROSCOPIC  WORKING  INSTRUMENT 

Disposable  or  Reusable  Instrument 

Several  factors  should  be  considered  at  the  time  of  choosing 
laparoscopic  instrument,  including  cost,  availability  and 
reliability.  Reusable  instruments  are  expensive  initially  but 
in  long  run  they  are  cost-effective.  The  cost  of  disposable 
instruments  is  less  compared  to  reusable  but  patient  cost  is 
increased.  In  developing  countries,  disposable  instruments 
are  very  rarely  used  because  labor  cost  is  low  compare  to 
the  cost  of  disposable  instrument.  In  Europe  and  USA, 
surgeons  often  choose  to  use  disposable  instrument  in  order 


Unprotected 


Ceramic  coated  cone 
Fig.  3.6  :  Ceramic  coating  of  hook 


\J 


Fig.  3.7:  Bipolar  forceps 


to  save  high  labor  cost.  The  main  advantage  of  disposable 
instrument  is  high  performance  due  to  its  sharpness  and 
reduced  chance  of  disease  transmission  due  to  certified  high- 
end  factory  sterilization.  However,  once  discarded, 
environment  concerns  are  raised  about  disposal  and 
biodegradability  of  disposable  instruments.  Ideally 
disposable  instrument  should  not  be  used  repeatedly 
because  handling,  sorting,  storing  and  sterilization  make 
these  instrument  questionable.  The  disposable  instruments 
are  not  sterilized  properly  by  dipping  in  glutar aldehyde 
because  they  are  not  dismountable.  Insulation  of  disposable 
instrument  also  can  be  torn  easily  which  can  lead  to 
electrosurgical  injuries. 

Insufflation  Cannulas 

Veress  Needle 

Veress  needle  was  invented  by  a  chest  physician  for 
aspiration  of  pleural  effusion  keeping  in  mind  that  its  spring 
mechanism  and  blunt  tip  will  prevent  the  injury  of  lung  tissue 
(Fig.  3.9). 

Veress  needle  consists  of  an  outer  cannula  with  a  beveled 
needle  point  for  cutting  through  tissues.  Inside  the  cannula 
is  an  inner  stylet,  which  is  loaded  with  a  spring  that  “springs 
forward”  in  response  to  the  sudden  decrease  in  pressure 
encountered  upon  crossing  the  abdominal  wall  and  entering 
the  peritoneal  cavity.  The  lateral  hole  on  this  stylet  enables 
C02  gas  to  be  delivered  intra-abdominally. 

Veress  needle  is  used  for  creating  initial 
pneumoperitoneum  so  that  the  trocar  can  enter  safely  and 
the  distance  of  abdominal  wall  from  the  abdominal  viscera 
should  increase.  Veress  needle  technique  is  the  most  widely 
practiced  way  of  access.  Before  using  Veress  needle  every 
time  it  should  be  checked  for  its  potency  and  spring  action. 
Veress  needle  is  available  in  three  length  80  mm,  100  mm, 
120  mm.  In  obese  patient  120  mm  and  in  very  thin  patient 


Fig.  3.8  :  Jaw  of  bipolar  forceps 


Fig.  3.9  :  Veress  needle 
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with  scaphoid  abdomen  80  mm  veress  needle  should  be  used. 
Veress  needle  should  be  held  like  a  dart  at  the  time  of  insertion. 

Hasson  Cannula 

In  an  effort  to  decrease  the  incidence  of  injuries  associated 
with  the  blind  access  of  the  peritoneal  cavity  with  the  Veress 
needle  and  the  initial  trocar,  Hassan  proposed  a  blunt  (open) 
minilaparotomy  access.  He  develop  a  reusable  device  of 
similar  design  to  a  standered  canula  but  attached  an  olive¬ 
shaped  cone  (sleeve)  (Fig.  3.10). 

This  cone  would  slide  up  and  down  the  shaft  of  the 
cannula  and  would  form  an  airtight  seal  at  the  fascial 
opening.  In  addition,  the  sharp  trocar  was  replaced  by  a 
blunt  obturator.  This  cannula  is  held  in  place  by  the  use  of 
stay  sutures  passed  through  the  fascial  edges  and  attached 
to  the  body  of  the  cannula  (Fig.  3.11). 

The  reason  the  olive  sleeve  is  designed  to  slide  up  and 
down  the  shaft  of  the  cannula  is  to  allow  for  variations  in 
abdominal  wall  thickness.  The  tension  provided  by  the  fascial 
sutures  when  attached  to  the  device  serves  to  create  a  seal 
to  prevent  gas  leakage.  To  adjust  the  length  of  the  cannula 
within  the  abdominal  wall,  the  fascial  sutures  require 
detachment  from  the  device,  adjustment  of  the  olive  sleeve 
and  reattachment  of  the  sutures. 

Several  disposable  open-access  devices  have  been 
released.  They  are  similar  to  the  reusable  system  originally 


described  by  Hasson  except  that  the  stay  sutures  are  attached 
directly  to  the  olive,  allowing  manipulation  of  the  cannula 
depth  without  detaching  the  stay  sutures.  The  basic  method 
of  peritoneal  access,  however,  has  remained  the  same. 

PORT  ACCESS  INSTRUMENT 

Trocar  and  Cannula 

The  word  “trocar”  is  usually  used  to  refer  to  the  entire 
assembly  but  actual  trocar  is  a  stylet  which  is  introduced 
through  the  cannula.  The  trocars  are  available  with  different 
type  of  tips.  The  cutting  tips  of  these  trocars  are  either  in  the 
shape  of  a  three  edged  pyramid  or  a  flat  two  edged  blade. 

Conical  tipped  trocars  are  supposed  to  be  less  traumatic 
to  the  tissue.  The  tip  can  be  penetrated  through  the  parietal 
wall  without  cutting  and  decreased  risk  of  herniation  or 
hemorrhage  is  reported. 

Cannulas  are  in  general  made  from  plastic  or  metal. 
Plastic  devices  whether  they  are  transparent  or  opaque,  need 
to  be  designed  in  such  a  way  as  to  minimize  the  reflection 
of  light  from  the  telescope.  Reusable  and  disposable  trocars 
are  constructed  by  a  combination  of  metal  and  plastic.  The 
tip  of  disposable  trocar  has  a  two  edged  blade.  These  are 
very  effective  at  penetrating  the  abdominal  wall  by  cutting 
the  tissue  as  they  pass  through.  Most  of  the  disposable  plastic 
trocar  have  a  spring  loaded  mechanism  that  withdraws  the 
sharp  tip  immediately  after  it  passes  through  the  abdominal 
wall  to  reduce  the  incidence  of  injury  of  viscera.  Trocar  and 
cannula  are  of  different  sizes  and  diameter  depending  upon 
the  instrument  for  which  it  is  used.  The  diameter  of  cannula 
ranges  from  3  to  30  mm;  the  most  common  size  is  5  mm 
and  10  mm.  The  metal  trocar  has  different  type  of  tips,  i.e. 
pyramidal  tip,  eccentric  tip,  conical  tip  or  blunt  tip  depending 
on  the  surgeon’s  experience  (Fig.  3.12). 

All  the  cannula  have  valve  mechanism  at  the  top  (Figs 
3.13A  and  B). 


Fig.  3.10:  Hasson’s  trocar  and  cannula 


Fig.  3.11  :  Hasson’s  Cannula  in  proper  position 
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Valves  of  cannula  provide  internal  air  seals,  which  allow 
instruments  to  move  in  and  out  within  cannula  without  the 
loss  of  pneumoperitoneum.  These  valves  can  be  oblique, 
transverse,  or  in  piston  configuration. 

These  valves  can  be  manually  or  automatically 
retractable  during  instrument  passage.  Trumpet  type  valves 
are  also  present  which  provide  excellent  seals,  but  they 
are  not  as  practical  as  some  of  the  other  systems.  They 
require  both  hands  during  instrument  insertion,  which  may 
explain  why  they  are  less  often  used  in  advanced 
laparoscopic  cases.  The  flexible  valves,  limits  the  leakage 
of  carbon  dioxide  during  work  whatever  the  diameter  of 
the  instrument  used. 


Conical  tip 


Pyramidal  tip 


Fig.  3.12:  Tip  of  the  trocar 


It  should  be  remembered  that  sharp  trocars  although 
looking  dangerous  are  actually  better  than  blunt  one  because 
they  need  less  force  to  introduce  inside  the  abdominal  cavity 
and  chances  of  inadvertent  forceful  entry  of  full  length  of 
trocar  is  less.  There  is  always  a  difference  in  the  marked 
exterior  diameter  of  the  cannula  and  the  interior  usable 
diameter.  The  end  of  the  cannula  is  either  straight  or  oblique. 
An  oblique  tip  is  felt  to  facilitate  the  easy  passage  of  the 
trocar  through  the  abdominal  wall. 

Trocar  and  cannula  should  be  held  in  proper  way  in 
hand  so  that  head  of  the  trocar  should  rest  on  the  thenar 
eminence,  the  middle  finger  should  rest  over  the  gas  inlet 
and  index  finger  is  pointed  towards  the  sharp  end  of  the 
trocar. 

LAPAROSCOPIC  HAND  INSTRUMENTS 

Laparoscopic  hand  instruments  vary  in  diameter  from  1.8 
to  12  mm  but  majority  of  instruments  are  designed  to  pass 
through  5  to  10  mm  of  cannula.  The  hand  instrument  used 
in  laparoscopic  surgery  are  of  different  length  (varies 
company  to  company  and  length  of  laparoscopic  instrument 
varies  from  18-45  cm)  but  they  are  ergonomically 
convenient  to  work  if  they  have  same  length  of 
approximately  36  cm  in  adult  and  28  cm  in  pediatric  practice. 
Shorter  instruments  18  to  25  cm  are  adapted  for  cervical 
and  pediatric  surgery.  Certain  procedures  for  adult  can  also 
be  performed  with  shorter  instruments  where  the  space  is 
constricted.  45  cm  instruments  are  used  in  obese  or  very 
tall  patients.  For  better  ergonomics  half  of  the  instruments 
should  be  inside  the  abdomen  and  half  outside.  If  half  of 
the  instrument  is  in  and  half  out,  it  behaves  like  class  1  lever 
and  it  stabilizes  the  port  nicely  so  the  surgery  will  be 
convenient. 


Figs  3.1 3A  and  B:  (A)  Different  valve  mechanism  of  cannula;  (B)  Different  valve  mechanism  of  cannula  (internal  view) 
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Most  of  the  laparoscopic  procedures  require  a  mixture 
of  sharp  and  blunt  dissection  techniques,  often  using  the 
same  instrument  in  a  number  of  different  ways.  Many 
laparoscopic  instruments  are  available  in  both  reusable  and 
disposable  version  (Figs  3.14A  and  B). 

Most  reusable  instruments  are  partially  dismountable  so 
that  it  can  be  cleaned  and  washed  properly.  Some 
manufacturer  have  produced  modular  system  where  part 
of  the  instrument  can  be  changed  to  suit  the  surgeons  favorite 
attachment  like  handle  or  working  tip. 

Most  laparoscopic  instruments  like  graspers  and  scissors 
have  basic  opening  and  closing  function  (Figs  3.15A  and 
B).  Many  instrument  manufacturers  during  past  few  years 
are  able  to  rotate  at  360°  angle  which  increases  the  degree 
of  freedom  of  these  instruments  (Fig.  3.16). 

Certain  types  of  instrument  offer  angulations  at  their  tip 
in  addition  to  usual  4°  of  freedom.  These  instruments  are 
used  to  avoid  obstacles  and  for  the  lateral  grasping  when 
the  instrument  is  placed  outside  of  the  visual  field.  This 
feature  is  available  for  both  reusable  as  well  as  disposable 
instrument.  The  complex  mechanism  of  such  instrument 
makes  their  sterilization  very  difficult. 

A  variety  of  instruments,  especially  retractors  have  been 
developed  with  multiple  articulations  along  the  shaft.  When 
these  are  fixed  with  the  tightened  cable  the  instrument 
assumes  a  rigid  shape  which  could  not  have  been  introduced 
through  the  cannula. 

Most  of  the  hand  instrument  has  three  detachable  parts: 

1.  Handle 

2.  Insulated  outer  tube 

3.  Insert  which  makes  the  tip  of  the  instrument. 


Different  Handles  of  Hand  Instrument 

Certain  instruments  handle  are  designed  to  allow  locking  of 
the  jaw  (Fig.  3.17). 

This  can  be  very  useful  when  the  tissue  needs  to  be 
grasped  firmly  for  long  period  of  time  preventing  the 
surgeons  hand  from  getting  fatigue.  The  locking  mechanism 
is  usually  incorporated  into  the  handle  so  that  surgeon  can 
easily  lock  or  release  the  jaws.  These  systems  usually  have 
a  ratchet  so  that  the  jaws  can  be  closed  in  different  position 
and  to  different  pressure.  Most  of  the  laparoscopic 
instruments  handle  has  attachments  for  unipolar 
electrosurgical  lead  and  many  have  rotator  mechanism  to 
rotate  the  tip  of  the  instrument. 

Some  multifunctional  laparoscopic  handle  has 
attachment  for  suction  and  irrigation  and  some  time  hand 
switch  for  cutting  and  coagulation  switch  of  electrosurgery. 

Cuschieri  Ball  Handle,  invented  by  Prof  Sir  Alfred 
Cuschieri,  lies  comfortably  in  surgeon’s  palm  (Fig.  3.18). 

This  design  reduces  the  fatigue  of  surgeon  and  eases 
rotation  of  the  instrument  by  allowing  rotation  within  the 
palm  rather  than  using  wrist  rotation.  Squeezing  the  front  of 
the  handle  between  the  thumb  and  the  first  fingers  increases 
the  jaw  closing  force;  squeezing  the  rear  of  the  handle 
between  the  thenar  eminence  of  the  thumb  and  last  fingers 
opens  the  jaws. 

Cuschieri  pencil  handle  also  has  great  ergonomic  value 
especially  when  used  with  needle  holder  (Fig.  3.19). 

This  handle  allows  the  angle  between  the  handle  and 
the  instrument  to  be  altered  to  suit  the  surgeon’s  wrist  angle. 
The  conveniently  placed  lever  of  this  pencil  handle  when 


Figs  3.1 4A  and  B:  (A)  Disposable  trocar  and  cannula;  (B)  Disposable  trocar  and  cannula 
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Figs  3.1 5A  and  B:  (A)  Disposable  grasper;  (B)  Reusable  graspers 
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pressed  can  change  the  angle.  Just  like  ball  handle,  pressure 
at  the  front  increases  the  jaw  closing  force  while  pressure  at 
the  rear  opens  the  jaw  (Fig.  3.20). 

OUTER  SHEATH  OF  HAND  INSTRUMENT 

The  insulation  covering  of  outer  sheath  of  hand  instrument 
should  be  of  good  quality  in  hand  instrument  to  prevent 
accidental  electric  burn  to  bowel  or  other  viscera  (Fig.  3.21). 


Fig.  3.17:  Different  type  of  handle  of  hand  instruments 


Insulation  covering  may  be  of  silicon  or  plastic.  At  the  time 
of  cleaning  the  hand  instrument,  utmost  care  should  be  taken 
so  that  insulation  should  not  be  scratched  with  any  sharp 
contact.  A  pin  hole  breach  in  insulation  is  not  easily  seen  by 
naked  eye  but  may  be  dangerous  at  the  time  of  electrosurgery. 

Insert  of  Hand  Instrument 

Insert  of  hand  instrument  varies  only  at  tip  (Fig.  3.22). 

It  may  be  grasper,  scissors,  or  forceps.  This  grasper  may 
have  single  action  jaw  or  double  action  jaw.  Single  action 
jaw  opens  less  than  double  action  jaw  but  close  with  greater 
force.  Thus,  most  of  the  needle  holders  are  single  action  jaw. 
The  necessary  wider  opening  in  double  action  jaw  is  present 
in  grasper  and  dissecting  forceps.  Single  action  graspers  and 
dissectors  are  used  where  more  force  is  required  (Fig.  3.23). 

Single  Action  Jaw  Graspers 

These  graspers  are  good  when  you  do  not  have  control 
over  depth  and  surgeon  wants  to  work  in  single  plane  in 
controlled  manner  particularly  during  adhesiolysis. 


Fig.  3.19:  Cuschieri  pencil  handle 


Fig.  3.18:  Cuschieri  ball  handle 


Fig.  3.20:  Multifunctional  laparoscopic  handle 
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Double  Action  Jaw  Graspers 

These  are  shown  in  Figures  3.24  and  3.25. 

33200,  length  30  cm 

33300,  length  36  cm 

- - 

33400,  length  43  cm 

Fig.  3.21 :  Outer  sheath  of  hand  instrument 


INSTRUMENTS  FOR  SHARP  DISSECTION 

•  Scissors 

•  Electrosurgery  hook 

•  HF  electrosurgery  spatula  (Berci) 

•  HF  electrosurgery  knife 

•  Knife. 

Scissors 

Jean-Claude  Margueron  of  Emar  in  14th  century  BC  invented 
scissors.  Scissors  are  one  of  the  oldest  surgical  instruments 
used  by  surgeons.  Scissors  are  used  to  perform  many  tasks  in 
open  surgical  procedure  but  its  use  in  minimal  access  surgery 
is  restricted.  In  minimal  access  surgery  scissors  require  greater 
skill  because  in  inexperienced  hand  it  may  cause  unnecessary 
bleeding  and  damage  to  important  structures. 


Fig.  3  .22:  Insert  of  hand  instrument 
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Mechanism  of  Cutting 

The  scissors  has  three  parts:  (Fig.  3.26) 

1.  Blade 

2.  Fulcrum 

3.  Handle. 

The  cutting  force  of  the  scissors  works  on  the  law  of 
lever.  The  force  applied  on  the  blade  can  be  calculated  by 
length  of  the  handle  and  force  applied  on  the  grip  of  handle. 
A  pair  of  scissors  is  an  example  of  first  class  levers  connected 
together  at  the  joint  known  as  fulcrum. 
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Fig.  3.24:  Double  action  jaw  graspers 
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Fig.  3.23:  Different  jaw  of  graspers 


Fig.  3.25:  Serrated  jaw  graspers 
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There  are  three  type  of  lever: 

Scissors  works  on  the  principle  of  class  1  lever  (Fig.  3.27). 
In  class  1  lever,  the  Pivot  (fulcrum)  is  between  the  effort 
and  the  load.  The  more  length  of  the  handle  or  the  fulcrum 
of  the  scissors,  the  less  force  of  cutting  will  be  required.  The 
laparoscopic  scissors  do  not  apply  the  exact  law  of  lever 
because  of  the  cylinder  action  of  the  long  shaft,  but  the  design 
of  handle  helps  in  the  amplification  of  force  by  lever  action. 
Scissors  function  by  the  combination  of: 

•  Gripping 

•  Squeezing 

•  Tearing. 

When  the  blades  of  scissors  close,  its  sharp  edges  grind 
against  each  other  and  any  tissue  which  comes  between 
the  blades  of  scissors  will  get  cut.  The  scissors-tissue 
interaction  can  be  described  in  five  stages : 

Engagement 

In  the  process  of  engagement,  the  two  blades  of  the  scissors 
engage  a  piece  of  tissue  to  cut.  The  amount  of  tissue  engaged 
should  not  be  more  than  the  space  between  the  jaw  of  blades 
otherwise  the  chance  of  slipping  of  tissue  is  more.  After 
engagement,  the  force  applied  on  the  handle  of  the  scissors 
initiate  cutting. 

Elastic  Deformation 

This  stage  starts  just  after  the  engagement  of  tissue  between 
the  blades  of  the  scissors.  In  this  process,  the  tissues  between 
the  two  blades  of  scissor  start  deforming.  This  stage  is  called 
elastic  deformation,  because  if  the  force  on  the  handle  of 


Fig.  3.26:  Disposable  scissors 


scissors  is  removed  then  the  tissue  deformity  will  return  to 
its  normal  state. 

Plastic  Deformation 

Further  force  on  the  handle  of  scissors  will  cause  the  tissue 
between  the  blades  to  go  into  a  plastic  deformed  state,  which 
is  irreversible.  After  undergoing  this  state  of  tissue 
deformation,  even  if  further  process  of  cutting  is  stopped 
the  impression  on  the  tissue  remains. 

Fracture 

Further  increased  force  on  the  fulcrum  of  scissors  will  result 
in  the  fracture  of  intercellular  plane  of  the  tissue.  This  stage 
of  cutting  is  peculiar  to  scissors  because  unlike  the  scalpel, 
the  site  of  tissue  fracture  is  intercellular. 

Separation 

After  the  fracture  the  tissue  separates  along  line  of  the  blade 
of  scissors,  and  then  this  whole  process  of  cutting  will 
continue  on  the  engaged  tissue. 

Histology  of  the  Tissue  After  Cutting 

Histological  examination  of  the  tissue  after  cutting  with 
scissors  shows  that  there  is  separation  of  tissue  through 
intracellular  plane.  Microscopic  examination  shows  serrated 
cut  margin  along  the  line  of  tissue  separation. 

TYPES  OF  LAPAROSCOPIC  SCISSORS 

Straight  Scissor 

The  blade  of  this  scissor  is  straight  and  it  is  widely  used  as  an 
instrument  for  mechanical  dissection  in  laparoscopic  surgery. 

Straight  scissor  can  give  controlled  depth  of  cutting 
because  it  has  only  one  moving  jaw  (Fig.  3.28).  At  the  time 
of  cutting  the  fixed  jaw  should  be  down  and  moving  jaw 
should  be  up. 

Curved  Scissor 

The  blade  of  this  scissors  is  slightly  curved  and  this  is  the 
most  widely  used  scissor  in  laparoscopic  surgery  (Fig.  3.29). 
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Fig.  3.27:  Types  of  lever 


Fig.  3.28:  Straight  scissors 
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These  scissors  are  mounted  on  a  curved  handle  which 
is  either  fixed  or  retractable.  The  type  with  a  fixed  curvature 
proximal  to  the  scissor  blades  require  introduction  through 
flexible  valveless  ports.  The  surgeon  prefers  this  scissor 
because  the  curvature  of  the  blade  of  the  scissors  abolishes 
the  angle  of  laparoscopic  instruments  manipulation  and 
better  view  through  telescope  is  achieved. 

Serrated  Scissor 

The  main  advantage  of  this  scissors  is  that  the  serrated  edges 
prevent  the  tissue  to  slip  out  of  the  blades.  It  is  a  useful 
instrument  in  cutting  a  slippery  tissue  or  ligature.  Serrated 
scissors  may  be  straight  or  curved  (Fig.  3.30). 

Hook  Scissor 

The  sharp  edge  of  both  blades  is  in  the  shape  of  a  flattened 
C.  The  blades  can  be  partially  closed,  trapping  tissue  in  the 
hollow  of  the  blades  without  dividing  it  and  allowing  it  to  be 
slightly  retracted.  This  allows  the  surgeon  to  double  check 
before  he  closes  the  blades  completely. 

The  main  advantage  of  this  scissors  is  that,  it  encircles 
the  structure  before  cutting:  Tissue  is  held  between  its  jaws 
and  there  is  no  chance  of  slipping.  The  hook  scissor  is 
especially  useful  for  cutting  secured  duct  or  artery  in 
laparoscopic  surgery.  The  cutting  of  nerve  bundle  in 
neurectomy  becomes  very  easy  with  the  help  of  this  scissor. 
Hook  scissors  is  also  helpful  in  partial  cutting  of  cystic  duct 
for  intraoperative  cholangiography.  All  the  other  scissors 
cut  from  proximal  to  distal  whereas  the  hook  scissors  cut 
distal  to  proximal  (Fig.  3.31). 

Micro-Tip  Scissor 

These  very  fine  scissors,  are  either  straight  or  angled,  and 
are  used  to  partially  transect  the  cystic  duct.  The  main 


Fig.  3.29:  Curved  scissors 


advantage  of  this  scissor  is  to  cut  the  ducts  partially  for 
facilitating  cannulation.  It  may  be  used  for  cutting  the  cystic 
duct  for  performing  intraoperative  cholangiogram. 
Exploration  of  small  ducts  like  common  bile  duct  is  very 
helpful  with  microscissors  due  to  its  fine  small  blades.  Fine 
microscissors  are  also  available  in  its  curved  form  (Fig.  3.32). 

The  use  of  scissors  endoscopically  requires  little 
modification  of  open  techniques.  The  basic  instrument  is  a 
miniaturized,  long  handled  version  of  conventional  scissors 
and  can  be  single  or  double  action.  There  are  some  special 
types  of  scissors  used  in  endoscopic  surgery. 

Insulated  Scissors 

These  allow  the  use  of  electrocautery  through  the  scissors. 
However,  when  using  non-disposable  instruments, 
electrocoagulation  using  the  open  blades  leads  to  blunting 
of  the  edges.  Electrocoagulation  using  the  scissors  is  thus 
limited,  and  when  carried  out  is  applied  only  with  the  blades 
closed.  Scissor  dissection  is  usually  carried  out  with  a  grasper 
in  the  other  hand.  If  this  instrument  is  insulated  then  any 
vessels  encountered  can  be  easily  coagulated  by  the  grasper. 
A  further  disadvantage  associated  with  electrocoagulation 
with  the  scissors  results  from  the  long  non-insulated  segment 
required  to  accommodate  the  blades  and  hinge  mechanism. 
For  safe  practice  this  requires  to  be  kept  in  view,  and  this 
limits  the  magnification  available  to  the  surgeon. 

Scissors  have  following  advantages: 

•  Inexpensive 

•  Safe  in  safe  hand 

•  Operator  determined  precise  action 

•  Closed  blades  can  work  for  blunt  dissection  and 
electrocautery 

•  Piercing  tissue  with  closed  blades  and  then  opening  helps 
in  obtaining  a  good  plane  of  dissection. 


Fig.  3.30:  Serrated  scissors 


Fig.  3  .32:  Micro-tip  scissors 
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Scissors  have  following  disadvantages: 

•  Non-hemostatic 

•  Accidental  chances  of  cutting  small  ducts  and  vessels 

•  If  overlooked,  due  to  its  pointed  end,  there  is  chance  of 
injury  to  viscera 

•  If  used  for  electric  coagulation,  its  blades  get  blunt  easily. 

ENDOKNIFE  (SCALPEL) 

The  knife  is  not  used  frequently  in  endoscopic  surgery  due 
to  the  problems  associated  with  the  safety  of  a  blade,  which 
cannot  be  closed  or  deactivated.  However,  it  does  have 
some  important  uses. 

In  our  practice,  a  disposable  blade  (Beaver)  is  mounted 
on  a  metal  rod,  which  has  a  socket  at  the  distal  end  into 
which  it  can  be  screwed  (Fig.  3.33). 

The  most  common  use  of  the  knife  is  for  opening  the 
hepatic  duct  or  common  bile  duct  during  exploration  for 
stones.  A  small,  clean  cut,  linear  stab  wound  is  created  in 
the  anterior  wall.  Great  care  is  required  during  incision  and 
removal  of  the  knife.  However,  a  sharp  curved  scissor  is 
better  and  safer  than  the  endoknife  for  the  choledochotomy. 

Biopsy  Forceps 

Punch,  cutting  and  dissecting  biopsy  forceps  are  used  to  take 
biopsies  at  the  time  of  laparoscopic  surgery  (see  Fig.  3.34). 

The  toothed  punch  biopsy  forceps  has  special  teeth 
which  prevent  accidental  drop  of  tissue  inside  the  abdominal 
cavity. 

COAGULATING  AND  DISSECTING  ELECTRODES 

Monopolar  Forceps 

Spatula  and  Hook 

Spatula  and  hook  is  the  main  electrode  used  for  monopolar 
cutting  and  coagulation  (see  Fig.  3.35). 


Fig.  3.33:  Endoknife 


Fig.  3.34:  Biopsy  forceps 


Spatula  is  either  “W”  shaped  or  blunt. 

Hooks  are  also  of  various  shapes,  e.g.  “L”  shaped,  “J” 
shaped  or  “U”  shaped  (Fig.  3.36). 

Hooks  are  simple  instrument  whose  distal  tip  can  vary 
slightly.  They  must  be  insulated  along  the  entire  length 
because  they  are  used  with  the  monopolar  current.  The  hook 
with  ceramic  cone  protecting  the  distal  end  is  available  which 
protects  efficiently  against  current  diffusion  (Fig.  3.6). 

Ball  Shaped,  Barrel  Shaped  or 
Straight  Coagulation  Electrodes 

Some  ball  shaped,  barrel  shaped  or  straight  coagulation 
electrodes  are  also  available  to  achieve  proper  hemostasis. 
These  blunt  electrodes  are  particularly  useful  when  there  is 
generalized  oozing  of  blood  and  surgeon  cannot  see  specific 
bleeder  point,  e.g.  bleeding  from  the  gallbladder  bed  at  the 
time  of  laparoscopic  cholecystectomy.  These  blunt 
electrosurgical  instruments  are  also  used  for  fulguration  at 
the  time  of  ablation  of  endometriosis. 

Bipolar  Forceps 

Bipolar  forceps  are  one  of  the  very  important  electrosurgical 
instruments  in  minimal  access  surgery  (Fig.  3.7). 


Fig.  3.35:  Spatula 


Fig.  3.36:  Various  types  of  hooks 
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It  is  safer  than  monopolar  instruments  because  electron 
travels  only  through  the  tissue  held  between  the  jaw  and 
patients  body  is  not  a  part  of  circuit.  Both  the  jaw  of  bipolar 
is  insulated  and  the  patients  return  plate  is  not  necessary  to 
be  attached  (Fig.  3.8). 

The  detailed  principle  of  electrosurgery  is  discussed  later 
in  laparoscopic  dissection  techniques. 

Aspiration  Needle 

These  long  needles  are  used  in  laparoscopy  to  aspirate  fluid 
from  distended  ovarian  cysts,  gallbladder,  or  any  localized 
pocket  of  pus  in  liver  (Fig.  3.37). 

It  may  be  used  for  drilling  of  polycystic  ovary.  Aspiration 
needle  should  be  inserted  inside  the  abdominal  cavity  with 
extreme  precaution  because  if  the  pathway  of  entry  or  exit 
is  ignored  it  can  cause  perforation  of  viscera. 

Fan  Retractor 

These  retractors  are  used  to  retract  liver,  stomach,  spleen  or 
bowel  whenever  they  interfere  in  vision  or  they  come  in 
way  of  other  working  instrument  (Fig.  3.38). 

There  are  many  newer  varieties  of  retractors  available 
which  are  less  traumatic.  Cuschieri  liver  retractor  is  one  of 
them  which  are  very  useful  in  fundoplication  (Fig.  3.39). 

-=<  ot 

Fig.  3.37:  Aspiration  needle 


This  liver  retractor  has  a  distal  end  which  can  be  rotated 
by  moving  handle.  Retractor  is  introduced  in  abdominal 
cavity  when  it  is  straight.  Once  it  is  inside  the  abdomen,  the 
distal  end  can  take  various  shapes  just  like  serpent.  This 
retractor  can  also  be  used  for  simple,  atraumatic 
manipulation  of  bowel. 

NEEDLE  HOLDERS 

Needle  holders  should  grasp  the  needle  rock  solid  hard  to 
prevent  rotation  (Figs  3.40  and  3.41). 

Hence,  until  now,  reusable  needle  holders  are  not  available. 
Needle  holders  have  different  type  of  jaws  (Fig.  3.42). 


Fig.  3.40:  Jaw  of  needle  holder 


Fig.  3.41:  Laparoscopic  straight  handle  needle  holder 


Platypus  jaws 


Fig.  3.42:  Different  types  of  jaw  of  needle  holder 
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Flat  grasping  surface  makes  it  possible  to  turn  needle  in 
all  direction  as  in  conventional  surgery.  Dome  shaped 
indentation  at  the  tip  automatically  orients  the  needle  in  a 
particular  direction  although  this  function  is  not  always 
useful,  it  can  sometime  make  it  easier  to  grasp  the  needle. 
Laparoscopic  knotting  and  suturing  should  be  learnt  on  a 
good  quality  endotrainer.  The  art  and  science  of  laparoscopic 
suturing  and  knotting  is  explained  later  in  tissue 
approximation  technique.  Surgeons  should  slowly  learn 
these  techniques.  They  will  develop  their  confidence  once 
capable  of  suturing  inside  abdominal  cavity  and  as  a  result 
conversion  rate  will  also  decrease. 

Many  automatic  laparoscopic  suturing  devices  are 
invented  for  intracorporeal  suturing  but  none  of  them  are 
substitutes  of  manual  laparoscopic  suturing  because  these 
devices  can  work  only  under  appropriate  tissue  plane 
suitable  for  their  application  (Figs  3.43A  to  C). 

KNOT  PUSHER 

Although  pretied  loops  are  available  in  the  market  but 
surgeon  should  learn  how  to  tie  these  extracorporeal  knot. 


Figs  3.43A  to  C:  (A)  Laparoscopic  autosuturing  instrument; 
(B)  Autosuturing  device;  (C)  Autosuturing  device  (Mechanism) 


Pretied  loop  can  be  used  for  any  free  structure  like 
appendix  but  for  continuous  structure  like  cystic  duct  surgeon 
has  to  perform  extracorporeal  knotting  intraoperatively  (Fig. 
3.44). 

For  extracorporeal  knotting,  knot  pushers  are  used. 
These  knot  pushers  are  of  either  closed  jaw  or  of  open  jaw 
type  (Fig.  3.45). 

LAPAROSCOPIC  CLIP  APPLICATOR 

Disposable  preloaded  clip  applicators  are  available  in  5  mm 
and  10  mm  diameter  (Figs  3.46  and  3.47). 


Fig.  3.45:  Laparoscopic  knot  pusher 


Fig.  3.46:  Laparoscopic  clip  applicator 


Fig.  3.47:  Laparoscopic  reusable  clip  applicator 
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These  are  expensive,  but  nice  to  use  because  the  loading 
time  of  clip  can  be  minimized.  Disposable  clip  applier  comes 
with  20  preloaded  clips  (Fig.  3.48). 

In  case  of  emergency,  when  bleeding  has  to  be  stopped 
immediately  one  after  another,  clip  can  be  applied  rapidly 
with  the  help  of  these  clip  applicators. 

Titanium  is  most  widely  used  metal  in  minimal  access 
surgery  for  tissue  approximation.  It  rarely  reacts  with  human 
body  and  this  is  why  it  is  popular.  It  is  easy  to  apply  and  can 
be  left  inside  abdominal  cavity.  After  few  weeks  it  is  covered 
by  fibrous  tissue.  Titanium  clip  is  used  by  99  percent  of 
surgeons  for  clipping  cystic  duct  and  cystic  artery  at  the  time 
of  laparoscopic  cholecystectomy.  Recently,  silicon  clips  has 
been  launched.  Absorbable  clips  (Absolok,  Ethicon)  are 
preferred  to  clip  cystic  ducts  nowadays.  It  adds  to  safety  by 
working  at  the  tip  and  it  does  not  have  chance  to  form  cystic 
duct  clip  stone.  The  absorbable  soft  clips  can  also  be  used 
in  running  stitches  at  the  beginning  and  at  the  termination 
of  knotting. 

Medium  large  size  clip  is  of  9  mm  and  used  most 
frequently  for  cystic  duct  and  cystic  artery  (Fig.  3.49). 

The  medium  size  clip  is  7  mm  in  length  and  can  be 
used  to  clip  cystic  artery  or  thin  cystic  duct.  The  large  size 
clip  is  1 1  mm  in  length  and  it  is  used  to  control  thick  wide 
cystic  ducts  or  large  mesenteric  vessels.  The  jaw  of  clip 


Fig.  3.48:  Laparoscopic  disposable  clip  applicator 


applicator  should  be  at  right  angle  to  the  structure  and  before 
clipping  surgeon  should  take  care  that  both  the  jaw  is  seen. 
If  one  of  the  jaws  is  hidden  there  is  always  a  possibility  that 
some  tissue  will  get  entrapped  between  the  jaw  of  clip  and 
clip  will  be  loose.  At  the  time  of  securing  any  duct  or  artery 
with  titanium  clip,  three  clips  are  generally  applied.  Two 
clips  are  left  towards  the  structure  which  is  secured  and  one 
clip  is  towards  the  tissue  which  surgeon  wants  to  remove  to 
prevent  spillage  of  fluid  (Fig.  3.50). 

The  distance  between  first  and  second  clip  should  be  3 
mm  and  distance  between  second  and  third  clip  should  be 
6  mm  so  that  after  cutting  in  between  second  and  third  clip 
there  will  be  3  mm  stump  both  the  side.  The  clip  should  not 
be  applied  very  near  to  each  other,  because  clips  are  held 
in  position  by  dumbbell  formation  and  if  they  are  very  near 
to  each  other,  they  will  nullify  the  dumbbell  formation  of 
each  other  and  both  the  clip  will  be  loose. 

Cystic  Duct  Clip  Stone 

Recently,  many  cases  have  been  reported  of  cystic  duct  clip 
stone  and  this  is  the  reason  why  in  many  institutions  clipping 
of  cystic  duct  is  replaced  by  extracorporeal  knotting.  If 
titanium  clip  is  applied  on  the  cystic  duct  sometime  it  may 
crush  one  of  the  walls  of  cystic  duct  and  it  may  get 
internalized  inside  the  lumen  of  cystic  duct.  Inside  the  lumen 
of  cystic  duct  it  acts  as  a  niddus  for  the  deposition  of  bile 
pigment  and  the  formation  of  stone.  The  cross-section  of 
these  stone  the  clip  inside  is  seen  glistening  like  pupil  of  a 
cat  and  so  it  is  also  known  as  “cat  eye  stone”.  These  stone 
can  slip  inside  the  CBD  and  may  cause  CBD  obstruction. 


Fig.  3.49:  Clip  loaded  over  laparoscopic  clip  applicator 


Fig.  3.50:  Clip  on  cystic  duct  and  artery 
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Although  the  reported  case  of  CBD  obstruction  is  very  less, 
the  surgeon  should  try  to  ligate  cystic  duct  to  avoid  this 
complication. 

Fallop  Ring  Applicator 

Fallop  ring  applicator  is  used  for  application  of  silastic  ring 
to  perform  tube  ligation.  These  may  be  fitted  with  one  or 
two  silastic  rings  (Figs  3.51A  to  C). 

Myoma  Fixation  Screw 

When  performing  a  laparoscopic  myomectomy,  it  is  difficult 
to  stabilize  a  smooth,  hard  fibroid.  This  is  used  to  fix  the 
subserous  or  intramural  myoma  at  the  time  of  laparoscopic 
myomectomy.  Myoma  screw  can  also  be  used  to  fix  and 


Rings  are  pushed  onto  applicator 
using  ring  guide 


B 

Figs  3.51  A  to  C:  (A)  Fallop  ring;  (B)  Fallop  ring  applicator; 
(C)  Handle  of  fallop  ring  applicator  (Mechanism) 


retract  big  size  uterus  at  the  time  of  laparoscopic 
hysterectomy  (Fig.  3.52). 

Uterine  Manipulator 

Uterine  manipulator  is  one  of  the  very  essential  instruments  for 
mobilization  of  the  uterus,  identification  of  the  vaginal  fornices 
and  sealing  of  the  vagina  during  hysterectomy  (Fig.  3.53). 

Uterine  manipulator  is  used  in  most  of  the  advanced 
gynecological  procedures  (Figs  3.54A  to  C). 

Tissue  Morcellator 

The  morcellator  is  used  to  grasp  the  tissue  to  be  removed 
and  cuts  it  into  small  bits,  which  are  forced  into  the  hollow 
part  of  the  instrument  (Figs  3. 55 A  to  C). 

It  can  be  designed  to  remove  a  myoma  or  an  ovary.  It 
can  be  introduced  through  a  10  mm  port  or  through  the 
colopotomy  wound  (Figs  3.56A  and  B). 

Hernia  Stapler,  Endoanchor  and  Tacker 

For  fixing  mesh  in  hernia  surgery  many  preloaded  devices 
are  available  (Fig.  3.57). 

Currently,  three  popular  brands  of  implants  to  fix  the  mesh 
are  available.  These  are  tacker,  protack  or  anchor.  The 
comparative  chart  of  these  implants  is  shown  in  Table  3.1. 

There  are  many  varieties  of  laparoscopic  stapler  (Fig. 
3.58). 

The  LONG45A  endocutter  manufactured  by  Ethicon  has 
a  shaft  that  is  10  cm  and  it  allows  easier  access  during 
laparoscopic  weight  loss  surgery,  such  as  gastric  bypass, 
where  longer  instruments  are  needed  for  morbidly  obese 
patients.  The  ETS  45  and  ETS-FLEX45  endoscopic  linear 
cutters  provide  a  45  mm  staple  and  cut  line  (Fig.  3.59). 


—  fCO 

Fig.  3.52:  Myoma  screw 


Fig.  3.53:  Uterine  manipulator 
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Figs  3.54A  to  C:  (A)  Lateral  traction  over  uterus  by  uterine 
manipulator;  (B)  Different  attachments  of  uterine  manipulator; 
(C)  Sealing  of  vagina  with  cuff  of  uterine  manipulator  for  TLH 

The  34  cm  shaft  length  makes  the  device  suitable  for 
many  minimally  invasive  surgical  procedures.  The  cutters 
are  intended  for  transaction,  resection,  and/or  creation  of 
anastomosis  in  minimally  access  surgical  procedures. 

Complication  of  the  Use  of  Laparoscopic  Instruments 

Complications  related  to  the  use  of  laparoscopic  instruments 
are  numerous  and  varied,  surgeon  must  understand  and 
look  for  two  types  of  complications. 


Figs  3.55A  to  C:  (A)  Tissue  morcellator;  (B)  Base  unit  of  tissue 
morcellator;  (C)  Different  type  of  morcellator 


•  Electrical  insulation:  Use  of  monopolar  current  through 
the  hooks,  graspers  and  scissors  requires  that  instrument 
have  perfectly  insulated  sheath.  Repeated  cleaning  and 
sterilization  can  lead  to  insulation  failure  and  leakage  of 
current. 

•  Instrument  breakage:  Repeated  exposure  to  high 
pressure  and  high  temperature  sterilization  can 
degrade  the  mechanism  of  instrument.  Considerable 
mechanical  strain  applied  on  the  instrument 
articulation  can  cause  these  to  break.  If  mechanical 
part  gets  lost  in  the  abdominal  cavity  then  they  must 
be  retrieved.  If  laparoscopic  retrieval  of  lost  part  of 
instrument  is  not  possible  conversion  to  open  surgery 
may  be  necessary. 
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Figs  3.56A  and  B:  Morcellation  of  myoma  in  myomectomy 


Table  3.1:  Different  types  of  implant  for  fixing  mesh 


Feature 

ESS  endoanchor 

Tyco  protack 

Tyco  tacker 

Number  of  implants 

20 

30 

20 

Geometry  of  implant 

Anchor 

Helical  Fastener 

Helical  Fastener 

Implant  material 

Nitinol 

Titanium 

Titanium 

Implant  length 

5.9  mm 

3.8  mm 

3.6  mm 

Implant  width 

6.7  mm 

4  mm 

3.4  mm 

Port  size  required 

5  mm 

5  mm 

5  mm 

Shaft  length 

360  mm 

356  mm 

356  mm 

Trigger  fire  orientation 

Release  to  deploy 

Depress  to  deploy 

Depress  to  deploy 

Closing  trigger - 

Handle 


Fig.  3.59:  Endopath  ETS  compact-flex45  articulating  endoscopic 
Fig.  3.58:  Jaw  of  stapler  linear  cutters 
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Laparoscopic  surgical  instruments  are  extremely  variable 
and  increasing  number  of  instruments  is  being  designed  for 
specific  application.  Instruments  are  getting  complex  with 
greater  functionality  and  freedom  of  movement.  Such 
instruments  reflect  the  trend  towards  the  automation  of 
procedure.  In  the  future,  such  developments  ultimately  will 
lead  to  full  robotization. 
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Chapter 


Sterilization  of 
Laparoscopic  Instruments 


Sterilization  is  the  process  by  which  surgical  items  are 
rendered  free  of  viable  microorganisms,  including  spores. 
The  purpose  of  effective  laparoscopic  instruments 
sterilization  is  to  provide  the  surgeon  with  a  sterile  product. 

HISTORY  OF  STERILIZATION 

According  to  ancient  writings,  most  primitive  people  regarded 
disease  as  the  work  of  evil  spirits  or  as  coming  from 
supernatural  powers.  Hippocrates  (460-370  BC)  began  the 
shift  of  the  healing  process  from  mystical  rites  to  a  practical 
approach.  Marcus  Terentius  Varro  (117-26  BC),  proposed  a 
germ  theory  by  stating,  “Small  creatures,  invisible  to  the  eye, 
fill  the  atmosphere,  and  breathed  through  the  nose  cause 
dangerous  diseases.”  Seventeenth  century  advancements  in 
anatomy,  physiology  and  medical  instrumentation  included 
the  development  of  the  microscope  in  1683  by  Anton  van 
Leeuwenhoek  which  allowed  bacteria  to  be  studied.  Research 
into  surgery  and  anatomy  continued  during  the  eighteenth 
century.  In  the  1850s,  Pasteur  proved  that  fermentation, 
putrefaction,  infection  and  souring  are  caused  by  the  growth 
of  microbes.  Lord  Joseph  Lister  was  the  one  who  successfully 
identified  the  implications  for  surgical  infections.  Lister 
believed  that  infection  could  be  prevented  if  he  could  prevent 
the  airborne  microbes  from  entering  the  wound.  Further 
advances  in  aseptic  techniques  from  1881  to  1882  were 
possible  when  a  German  bacteriologist,  Robert  Koch, 
introduced  methods  of  steam  sterilization  and  developed  the 
first  non-pressure  flowing  steam  sterilizer. 

LEGISLATION  IN  STERILIZATION 

The  sterilization  of  laparoscopic  instruments  must  comply 
with  safety  standards.  These  vary  depending  upon  legislation 
of  the  individual  countries. 

In  Germany  legislation  requires  steam  autoclaving  at 
134°C  for  5  minutes.  However,  in  France  sterilization  is 


practiced  at  this  temperature  for  18  minutes.  In  USA,  Food 
and  Drug  Administration  (FDA)  has  established  different 
sterilization  criteria  regarding  sterilization  of  reusable 
instruments.  General  requirement  for  characterization  of 
sterilizing  agent  and  the  development,  validation  and  routine 
control  of  a  sterilization  process  for  laparoscopic  instrument 
is  provided  by  the  manufacturer  and  sterilization  should  be 
performed  strictly  according  to  the  manufacturer’s  guidelines. 

Cleaning 

All  used  instruments,  regardless  of  size,  should  be  completely 
immersed  in  distilled  water  before  leaving  the  operating 
room.  The  first  step  of  the  high  level  disinfection  process  is 
thorough  cleaning  (Fig.  4.1).  Cleaning  removes  debris, 
mucous,  blood  and  tissue  (bioburden)  which  would  interfere 
with  the  action  of  the  disinfectant.  Current  recommendations 
specify  disassembly  of  most  laparoscopic  equipment  prior 
to  sterilization.  If  the  surgical  assistants  are  unfamiliar  with 
the  proper  assembly  of  laparoscopic  instruments,  it  may 
cause  patient  injury  from  equipment  malfunction.  Because 
of  the  intricate  internal  parts  of  laparoscopic  instruments, 
questions  have  been  raised  about  the  efficacy  of  cleaning 
and  sterilization  techniques. 

In  the  instruments  which  can  not  be  dismantled  there  is 
separate  channel  to  irrigate  water  under  pressure  to  clean  it 


Fig.  4.1:  Incomplete  cleaning  can  result  in  accumulation  of 
coagulated  protein  inside  channel  of  the  instrument 
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properly.  At  least  300  ml  of  water  should  be  flushed  through 
these  instruments  to  clean  it  properly. 

Approximately  99.8  percent  of  the  bioburden  can  be 
removed  by  meticulous  cleaning.  Cleaning  may  be 
accomplished  via  manual  or  mechanical  washing. 

ULTRASONIC  TECHNOLOGY  FOR  CLEANING 

•  Energy  from  high-frequency  sound  waves 

•  Vigorous  microscopic  implosions  of  tiny  vapor  bubbles 

•  Millions  of  scrubbing  bubbles  do  the  job  of  cleaning 

•  Ultrasonic  cleaners  facilitate  removal  of  organic  material, 
decreasing  the  risk  of  contaminants  (Fig.  4.2). 

The  cleaning  agent  selected  should  be: 

•  Able  to  remove  organic  and  inorganic  soil 

•  Able  to  prevent  water-borne  deposits 

•  Low  foaming 

•  Able  to  be  rinsed  completely 

•  Compatible  with  the  materials  being  cleaned. 

Following  cleaning,  items  to  be  disinfected  must  be  rinsed 

thoroughly  to  remove  any  residual  detergent.  After  cleaning, 
instruments  are  subjected  to  sterilization. 

Sterilization 

The  two  methods  of  sterilization  most  commonly  used  for 
laparoscopic  instruments. 

•  Steam  sterilization 

•  Chemical  sterilization. 


Fig.  4.2  :  Ultrasonic  laparoscopic  instrument  cleaner 


Autoclaving  by  means  of  steam  was  the  oldest,  safest 
and  most  cost-effective  method  of  sterilization.  When  steam 
is  placed  under  pressure  and  the  temperature  is  raised,  the 
moist  heat  produces  changes  within  the  cell  protein,  thereby 
rendering  it  harmless  over  a  prescribed  period  of  time.  The 
relationship  between  temperature,  pressure  and  time  of 
exposure  is  the  critical  factor  in  the  destruction  of  microbes. 
Although  steam  sterilization  in  effective  an  inexpensive  it  is 
not  suitable  for  all  laparoscopic  instruments. 

The  growth  and  expansion  of  minimal  access  surgical 
procedures  require  specialized  surgical  instrumentation.  Most 
of  the  laparoscopic  instrument  can  be  safely  autoclaved  but 
some  of  the  laparoscopic  instruments  cannot  withstand  the 
prolonged  heat  and  moisture  of  the  steam  sterilization 
process.  Laparoscopic  cameras,  laparoscopes,  light  cables 
and  flexible  endoscopes  are  damaged  by  heat.  Therefore, 
alternative  methods  of  sterilization  were  needed  to  effectively 
sterilize  moisture-stable,  moisture-sensitive  and  heat- 
sensitive  items  that  require  rapid,  frequent  processing  in  the 
clinical  setting. 

One  of  the  most  common  types  of  alternative  of  steam 
sterilization  is  chemical  sterilization.  Many  chemicals  are 
proven  to  have  sterilizing  property.  Laparoscopic  camera 
(CCD)  is  damaged  by  chemical  sterilization  with  repeated 
exposure.  In  these  expensive  devices,  a  sterile  plastic  sleeve 
or  sterile  thick  cloth  sleeve  should  be  used  to  avoid 
contamination. 

Ethylene  Oxide 

One  of  the  most  common  types  of  chemical  sterilization 
uses  ethylene  oxide  (EtO)  gas,  which  is  in  use  since  the 
1950s.  EtO  is  colorless  at  ordinary  temperatures,  has  an 
odor  similar  to  that  of  ether  and  is  extremely  toxic  and 
flammable.  Mixture  of  EtO  with  an  inert  gas  such  as  carbon 
dioxide  or  a  chlorofluorocarbon  (CFC)  was  used  to  make  it 
noninflammable.  The  most  common  combination  was  12 
percent  EtO  and  88  percent  freon.  A  newer  formulation  uses 
EtO  plus  a  hydrochlorofluorocarbon  (HCFC). 

EtO  sterilization  depends  on  four  parameters: 

1.  Time 

2.  Temperature 

3.  Gas  concentration 

4.  Relative  humidity. 

All  EtO  sterilizers  operate  at  low  temperature,  typically 
between  49°  and  60°C  (130-140°F)  and  relative  humidity 
of  40  to  60  percent.  The  humidity  must  be  not  less  than  30 
percent  in  order  to  hydrate  the  items  during  the  sterilization 
process.  These  characteristics  make  EtO  sterilization  suitable 
for  complex  medical  equipment. 

Both  temperature  and  humidity  have  a  profound 
influence  on  the  destruction  of  microorganisms  because  they 
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affect  penetration  of  the  gas  through  bacterial  cell  walls,  as 
well  as  through  the  wrapping  and  packaging  materials.  It 
typically  takes  between  3  and  6  hours  for  the  sterilization 
portion  of  the  cycle  to  be  completed. 

Additionally,  items  sterilized  by  EtO  must  be  aerated  to 
make  them  safe  for  personnel  handling  and  patient  use. 
Therefore,  the  EtO  sterilization  and  aeration  processes  can 
take  up  to  20  hours  and  should  be  used  only  when  time  is 
not  a  factor. 

Hydrogen  Peroxide  Gas  Plasma 

Hydrogen  peroxide  is  an  oxidizing  agent  that  affects 
sterilization  by  oxidation  of  key-cellular  components.  Plasma 
is  a  state  of  matter  distinguishable  from  a  solid,  liquid,  or 
gas.  The  cloud  of  plasma  is  composed  of  ions,  electrons 
and  neutral  atomic  particles  that  produce  a  visible  glow. 
Hydrogen  peroxide  is  bactericidal,  virucidal,  sporicidal  and 
fungicidal,  even  at  low  concentration  and  temperature. 

A  solution  of  hydrogen  peroxide  and  water  (59% 
nominal  peroxide  by  weight)  is  vaporized  and  allowed  to 
surround  and  interact  with  the  devices  to  be  sterilized. 
Applying  a  strong  electrical  field  then  creates  plasma.  The 
plasma  breaks  down  the  peroxide  into  a  “cloud”  of  highly 
energized  species  that  recombine,  turning  the  hydrogen 
peroxide  into  water  and  oxygen.  No  aeration  time  is  required 
and  the  instruments  may  either  be  used  immediately  or 
placed  on  a  shelf  for  later  use.  A  load  of  surgical  instruments 
may  be  sterilized  in  less  than  one  hour. 

Peracetic  Acid 

Liquid  paroxyacetic,  or  peracetic  acid,  is  a  biocidal  oxidizer 
that  maintains  its  efficacy  in  the  presence  of  high  levels  of 
organic  debris.  Peracetic  acid  is  acetic  acid  plus  an  extra 
oxygen  atom  and  reacts  with  most  cellular  components  to 
cause  cell  death.  The  peracetic  acid  solution  is  heated  to  50 
to  56°  C  (122-131°  F)  during  the  20  to  30  minutes  cycle. 
Peracetic  acid  must  be  used  in  combination  with  anti¬ 
corrosive  additives. 

Parameters  for  peracetic  acid  sterilizers  include: 

•  Relatively  short  cycle  times 

•  Availability  of  the  items  for  immediate  use 

•  Sterilant  can  be  discharged  into  the  drainage  system  since 
it  is  not  hazardos 

•  No  aeration  time  is  required  for  the  sterilized  items 

•  Items  must  be  rinsed  with  copious  amounts  of  sterile 
water  after  the  sterilization  process. 

Items  processed  by  this  method  should  be  used 
immediately  after  processing,  since  the  containers  are  wet 
and  are  not  protected  from  the  environment.  This  system 
must  also  be  monitored  for  sterility  with  live  spores. 


Glutaraldehyde 

An  activated  2  percent  aqueous  glutaraldehyde  solution  is 
recognized  as  an  effective  liquid  chemical  sterilant. 
Glutaraldehyde  is  most  frequently  used  as  a  high-level 
disinfectant  for  lensed  instruments  because  it  is  non-corrosive 
and  has  minimal  harmful  effect  on  the  instrument  (Fig.  4.3). 

Sterilization  can  be  achieved  with  an  activated 
2  percent  glutaraldehyde  solution  after  the  item  is  completely 
immersed  for  10  hours  at  25°  C  in  especially  designed  tray. 
Before  immersion,  the  item  must  be  thoroughly  cleaned  and 
dried.  During  immersion,  all  surfaces  of  the  item  must  be  in 
contact  with  the  solution.  After  immersion,  the  item  must  be 
rinsed  thoroughly  with  sterile  water  prior  to  use  (Fig.  4.4). 


Fig.  4.3  :  Cidex  (2%  glutaraldehyde) 


Fig.  4.4  :  Cidex  tray  used  for  laparoscopic  instrument  sterilization 
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Cidex  should  be  used  maximum  15  times  or 
21  days  after  activation,  whichever  may  be  earlier.  Once 
activated,  the  solution  should  be  discarded  after  21  days, 
so  it  is  important  to  write  the  date  of  activation  and  date  of 
expiry  in  the  space  provided  on  the  Cidex  tray  (Fig.  4.5).  If 
the  instrument  is  not  cleaned  properly,  the  activated 
glutaraldehyde  becomes  dirty  just  after  few  use  and  turns 
into  blackish  solution.  In  this  case  it  should  be  rejected  before 
specified  period  of  time.  It  is  important  that  surgeon  should 
read  carefully  the  literature  provided  by  the  manufacturer. 

Orthophthalaldehyde 

For  laparoscopic  instruments,  0.55  percent  ortho¬ 
phthalaldehyde  is  good  option,  it  is  non-glutaraldehyde 
solution  for  disinfection  of  delicate  instruments.  In  fact,  ortho¬ 
phthalaldehyde  solution  is  one  of  the  gentlest  reprocessing 
options  available,  which  means  it  can  substantially  reduce 
instrument  damage  and  repair  costs.  It  is  good  not  only 
because  of  its  speed  and  efficiency  but  also  because  of  its 
environmental  safety.  It  comes  with  the  trade  name  of  Cidex 
OPA.  It  has  following  advantage: 

•  No  activation  or  mixing  required 

•  It  can  be  used  in  both  automated  and  manual  reprocessing 

•  Two  years  shelf  life  and  75  days  open-bottle  shelf  life 

•  Rapid  5  minutes  immersion  time  at  a  minimum  of  25°C 
in  an  automatic  endoscope  reprocessor 

•  Efficient  12  minutes  soak  time  at  room  temperature 
(20°  C)  for  manual  reprocessing 

•  Effective  against  glutaraldehyde-resistant  mycobacterium. 

Formaldehyde 

Bactericidal  properties  and  use  of  formaldehyde  include: 
37  percent  aqueous  solution  (formalin)  or  8  percent 


formaldehyde  in  70  percent  isopropyl  alcohol  kills 
microorganisms  by  coagulating  intracellular  protein.  Solution 
is  effective  at  room  temperature. 

Specially  designed  airtight  formalin  chambers  are 
available  (Fig.  4.6).  Eight  to  ten  formalin  tablets  wrapped 
with  moist  gauge  piece  should  be  placed  in  the  chamber 
and  the  door  should  be  closed.  The  vapor  of  formalin  acts 
for  one  week,  after  one  week  tablets  should  be  changed. 
Although  known  to  destroy  spores,  it  is  rarely  used  because 
it  takes  from  12  to  24  hours  to  be  effective.  Formalin  chamber 
is  used  by  many  surgeons  to  carry  their  sterilized  instrument 
from  one  hospital  to  another.  Pungent  odor  of  formalin  is 
quite  objectionable  and  irritating  to  the  eyes  and  nasal 
passages.  The  vapors  can  be  toxic  and  ongoing  controversy 
exists  regarding  its  carcinogenic  effects.  However,  low- 
temperature  steam  with  formaldehyde  has  been  widely  used 
in  health  care  facilities  in  Northern  Europe  for  the  sterilization 
of  reusable  medical  devices  that  cannot  withstand  steam 
sterilization. 

Other  Chemical  Disinfectant 

Recently,  non-aldehyde  instrument  disinfectant  is  available 
for  rapid  decontamination  of  non-invasive  and  heat  labile 
laparoscopic  instruments.  It  contains  halogenated  tertiary 
amines,  poly  hexamethylene  biguanide  hydrochloride,  ethyl 
alcohol  B,  dodecylamine  and  sulfamic  acid.  Contact  time 
for  bactericidal  and  fungicidal  and  virucidal  protection  is  10 
minutes.  For  sporicidal  protection,  contact  time  is  30 
minutes. 

CONCLUSION 

Most  of  the  laparoscopic  instrument  can  be  easily  sterilized  if 
the  person  knows  how  to  dissemble,  clean  and  use  specific 


Fig.  4.5:  Labeling  of  cidex  tray  (Activation  date  and  expiration  date) 


Fig.  4.6  :  Formalin  chamber 
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chemical  for  sterilization.  Manufactures  instruction  is  important 
to  follow  if  desired  effect  has  to  be  achieved.  Expensive 
instruments  should  be  handled  carefully  and  all  the  insulated 
instruments  should  be  checked  thoroughly  for  any  breach  in 
insulation  before  sterilization.  Apart  from  newer  generation 
chemical  disinfectant,  low-temperature  steam  with 
formaldehyde  has  been  widely  used  in  health  care  facilities 
in  Northern  Europe  for  the  sterilization  of  reusable  medical 
devices  that  cannot  withstand  steam  sterilization. 

Other  key  considerations  in  the  sterilization  process  which 
should  be  taken  care  are: 

•  Packaging  of  the  items  after  sterilization 

•  Monitoring  the  sterilization  process 

•  Shelf  life  of  the  sterilized  items 

•  Cost  implications. 
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Chapter 


Anesthesia  in 
Laparoscopic  Surgery 


The  anesthetic  problems  during  minimal  access  surgery  are 
related  to  the  cardiopulmonary  effects  of  pneumoperitoneum, 
carbon  dioxide  absorption,  extraperitoneal  gas  insufflation, 
venous  embolism  and  inadvertent  injuries  to  intra¬ 
abdominal  organs.  Optimal  anesthetic  care  of  patients 
undergoing  laparoscopic  surgery  is  very  much  important. 
Good  anesthetic  techniques  facilitate  risk  free  surgery  and 
allows  early  detection  and  reduction  of  complications. 

In  young  patients,  fit  for  diagnostic  laparoscopy,  general 
anesthesia  is  the  preferred  method  and  does  not  impose 
any  increased  risk.  Adequate  anesthesia  and  analgesia  are 
essential  and  endotracheal  intubation  and  controlled 
ventilation  should  be  considered.  The  pneumoperitoneum 
can  be  created  safely  under  local  anesthesia  provided  that 
the  patient  is  adequately  sedated  throughout  the  procedure. 
For  successful  laparoscopy  under  local  anesthesia 
intravenous  medication  for  sedation  should  be  given. 

EVALUATION  AND  PREPARATION  OF 
PATIENT  FOR  LAPAROSCOPIC  SURGERY 

There  are  laparoscopic  operations  that  are  emergencies. 
Therefore,  all  patients  should  receive  the  same  evaluation 
and  preparation  that  they  would  receive  for  an  open,  elective 
abdominal  operation.  There  are  several  unique  concerns 
with  laparoscopy  and  the  type  of  patients  who  undergo  these 
procedures. 

Many  of  the  patients  scheduled  to  undergo  laparoscopic 
surgery  are  young  women  undergoing  gynecological 
laparoscopy.  Young  women  are  at  high-risk  for 
postoperative  nausea  and  vomiting  following  general 
anesthesia,  and  gynecological  procedures  may  provoke 
nausea  and  vomiting  as  well.  Laparoscopy  itself  is  also 
associated  with  postoperative  nausea  and  vomiting, 
probably  due  to  stretching  of  the  abdominal  cavity  or  residual 
irritant  effects  of  retained  carbon  dioxide.  Anesthesiologists 


should  plan  their  anesthetic  to  prevent  and  treat 
postoperative  nausea  and  vomiting  in  these  patients. 

A  second  group  of  patients  that  cause  concern  are  those 
with  significant  cardiac  disease.  Most  of  these  patients 
tolerate  abdominal  insufflation  at  low  pressures  currently 
used  ( <  18  mm  Hg)  surprisingly  well.  If  the  operation  is  to 
be  of  short  duration,  few  patients  with  cardiac  disease,  other 
than  those  with  severe  congestive  heart  failure,  require 
invasive  monitoring.  However,  insufflation  can  be  associated 
with  a  moderately  reduced  cardiac  index,  increased  cardiac 
filling  pressures,  systemic  blood  pressure,  and  systemic 
vascular  resistance.  In  addition,  hypercarbia  from  insufflated 
carbon  dioxide  may  be  detrimental  to  patients  with  cardiac 
disease  by  stimulating  the  sympathetic  nervous  system  and 
vasopressin  release.  Therefore,  for  extensive  laparoscopic 
procedures  direct  arterial  and  pulmonary  artery 
catheterization  and/or  transesophageal  echocardiography 
may  be  necessary  for  monitoring. 

A  third  group  of  patients  of  concern  are  those  with  severe 
emphysema,  asthma,  cystic  fibrosis  or  other  pulmonary 
disease.  Often  these  are  patients  who  would  benefit  from  a 
laparoscopic  operation  as  opposed  to  an  open  procedure 
because  of  improved  postoperative  pulmonary  function 
following  procedures  performed  laparoscopically.  However, 
some  of  these  patients  may  not  be  able  to  be  adequately 
ventilated  to  eliminate  the  carbon  dioxide  absorbed  during 
laparoscopy.  It  is  important  for  patients  with  severe  lung 
disease  to  be  in  optimum  medical  condition  prior  to  having 
surgery. 

The  anesthesiologist  must  be  certain  that  the  patient  does 
not  have  an  upper  respiratory  tract  infection  or  other 
conditions  that  may  impair  pulmonary  function  at  the  time 
of  surgery.  Prior  preparation  with  a  course  of 
bronchodilators,  steroids  and/or  antibiotics  may  be 
necessary.  In  these  patients,  an  intra-arterial  catheter  for 
arterial  blood  sampling  for  gas  analysis  as  well  as  direct 
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arterial  pressure  monitoring  is  essential,  since  the  end-tidal 
carbon  dioxide  tension  often  does  not  accurately  reflect  the 
arterial  carbon  dioxide  tension  and  may  be  significantly 
lower. 

A  laparoscopic  surgeon  should  develop  communication 
and  understanding  with  his  anesthetist.  Adequate 
preoperative  assessment  of  the  patient  and  the  disease 
minimizes  the  risk  of  general  anesthesia.  Necessary  measures 
should  be  undertaken  to  correct  any  metabolic  or 
hematological  abnormalities.  These  include  hypokalemia, 
hyponatremia,  hyperglycemia,  azotemia,  anemia  and 
coagulation  defects.  All  the  required  preanesthetic  laboratory 
data  should  be  available,  including  blood  grouping  and 
testing  for  the  hepatitis  B  antigen  and  HIV.  Patients  should 
have  an  electrocardiogram  and  chest  X-ray. 

PHYSIOLOGICAL  CHANGES  DURING 
LAPAROSCOPY 

The  introduction  of  gas  into  the  peritoneal  cavity  under 
pressure  may  cause  pain,  respiratory  distress,  and  possibly 
cardiac  embarrassment.  Further,  Trendelenburg’s  position 
is  necessary  for  access  but  extreme  Trendelenburg’s  position 
enhances  respiratory  and  cardiac  embarrassment. 

Pneumoperitoneum  at  the  time  of  laparoscopic  surgery 
causes  upward  displacement  of  the  diaphragm,  resulting  in 
the  reduction  in  lung  volumes  including  functional  residual 
capacity.  Pulmonary  compliance  is  reduced  and  airway 
resistance  is  increased  due  to  high  intra-abdominal  pressure 
The  anesthetist  often  uses  high  airway  pressure  to  overcome 
the  intra-abdominal  pressure  for  a  given  tidal  volume,  which 
increases  the  risk  of  hemodynamic  changes  and 
barotraumas. 

The  impaired  diaphragmatic  mobility  gives  rise  to  uneven 
distribution  of  ventilation  to  the  nondependent  part  of  the 
lung,  resulting  in  ventilation-perfusion  mismatch  with 
hypercarbia  and  hypoxemia.  The  ventilatory  impairment  is 
even  more  severe  if  there  is  associated  airway  and  alveolar 
collapse.  Increased  intra-abdominal  pressure  also 
predisposes  to  regurgitation  of  gastric  contents  and 
pulmonary  aspiration. 

Insufflation  of  C02  is  usually  accompanied  by 
hypercapnia.  The  reason  initially  proposed  to  explain  this 
hypercapnia  was  that  C02  was  reabsorbed  from  the 
peritoneal  cavity.  This  explanation  was  all  the  more  plausible 
in  that  it  was  based  on  the  capacity  of  C02  to  diffuse,  and 
the  exchange  capacities  of  the  peritoneal  serosa.  Recent 
studies  reveal  a  two  phase  phenomenon,  with  absorption 
proportional  to  intraperitoneal  pressure  for  low  insufflation 
pressures,  then  a  drop  in  the  rate  of  this  reabsorption 
probably  due  to  the  peritoneal  circulation  being  crushed 
under  the  effect  of  the  pressure.  The  variations  in  PaC02 


observed  during  the  second  phase  with  high  intra-abdominal 
pressures  which  act  against  reabsorption  essentially  depend 
on  a  change  in  the  ventilation/perfusion  ratio  with  an 
increase  in  the  dead  space. 

The  hypercapnia  mechanism  is  different  with  extra- 
peritoneal  insufflation.  In  this  case,  the  pressure  effect  limiting 
reabsorption  from  the  peritoneum  no  longer  applies.  The 
increase  in  pressure  increases  the  diffusion  space  by 
dilacerations  of  the  tissues,  and  thus  the  C02  reabsorption 
surface.  Reabsorption  is  thus  directly  proportional  to  the 
pressure  and  volume  of  C02  insufflated  in  extraperitoneal 
insufflation.  Severe  hypercapnia  is  thus  possible,  if  not  to 
say  frequent,  in  these  situations.  On  the  other  hand,  provided 
the  hypercapnia  is  controlled,  the  circulatory  effect  of  extra- 
peritoneal  insufflation  is  lower  than  those  of  intraperitoneal 
insufflation. 

The  increase  in  intrathoracic  pressures  induced  by  the 
increase  in  intra-abdominal  pressure  can  be  limiting  factors 
for  laparoscopic  surgery  in  certain  patients.  Insufflation  of 
the  pneumoperitoneum  in  laparoscopic  surgery  is 
accompanied  by  a  decrease  of  some  30  percent  in 
pulmonary  compliance.  The  resistance  of  the  air  passages 
increases  in  the  same  proportions.  The  resulting  increase  in 
pressure  in  the  air  passages  can  have  adverse  consequences 
for  patients  with  bubbles  of  emphysema.  These  patients  and 
all  those  who  suffer  from  dystrophy  of  the  pulmonary 
parenchyma  will  find  it  difficult  to  cope  with  the  often 
considerable  hyperventilation  required  by  hypercapnia,  with 
volumes  per  minute  sometimes  reaching  2  or  3  times  than 
normal. 

Venous  gas  embolism  is  a  fatal  complication  of 
pneumoperitoneum.  Veress  needle  or  the  trocar  may  directly 
puncture  the  arteries  or  blood  flow  across  an  opening  in  an 
injured  vessel,  may  sometimes  draw  gas  into  the  vessel  and 
lead  to  gas  embolism. 

A  slow  infusion  of  air  less  than  one  liter/minute  is 
absorbed  across  the  pulmonary  capillary-alveolar 
membranes  without  causing  any  damage.  At  higher  infusion 
rates,  the  gas  bubbles  lodging  in  the  peripheral  pulmonary 
arterioles  provoke  neutrophil  clumping,  activation  of  the 
coagulation  cascade  and  platelet  aggregation.  This  may  lead 
to  pulmonary  vasoconstriction,  bronchospasm,  pulmonary 
edema  and  pulmonary  hemorrhage.  Gas  bubbles  attached 
to  fibrin  deposits  and  platelet  aggregates  mechanically 
obstruct  the  pulmonary  vasculature  and  increases  the 
pulmonary  vascular  resistance. 

The  increased  right  heart  after  load  leads  to  acute  right 
heart  failure  with  arrhythmia,  ischemia,  hypotension  and 
elevated  central  venous  pressure.  Sometimes,  paradoxical 
embolism  is  seen  through  a  patent  foramen  ovale. 

Elevated  intra-abdominal  pressure  produces 
physiological  changes  in  the  hemodynamic  by  its  effects  on 
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systemic  vascular  resistance,  venous  return  and  myocardial 
performance.  Systemic  venous  return  increases  when  intra¬ 
abdominal  pressure  is  elevated.  Effects  on  venous  return 
and  cardiac  output  depend  on  the  magnitude  of  the  intra¬ 
abdominal  pressure.  Venous  return  initially  increases  with 
intra-abdominal  pressure  below  10  mm  Hg.  This  paradox 
is  due  to  reduction  in  the  blood  volume  sequestrated  in  the 
splanchnic  vasculature  which  increases  cardiac  output  and 
arterial  pressure.  When  intra-abdominal  pressure  exceeds 
20  mm  Hg,  the  inferior  vena  cava  is  compressed.  Venous 
return  from  the  lower  half  of  the  body  is  impeded  resulting 
in  a  fall  in  cardiac  output. 

A  number  of  animal  studies  have  been  devoted  to 
variations  in  cardiac  output  induced  by  the  increase  in 
intraperitoneal  pressure.  The  results  are  consistent  with  a 
fall  in  cardiac  output  proportional  to  the  intraperitoneal 
pressure.  In  low  abdominal  pressure  (5  mm  Hg),  cardiac 
output  remains  unchanged.  The  drop  in  right  transmural 
auricular  pressure  indicates  a  reduction  in  the  venous  return 
which  is  demonstrated  by  a  reduction  in  flow,  through  the 
vena  cava,  the  degree  of  which  is  proportional  to  the  intra¬ 
abdominal  pressure. 

The  cardiac  output  is  governed  by  the  myocardial 
function,  the  post-loading  and  by  the  venous  return,  the 
latter  in  turn  depending  on  venous  resistance  and  mean 
systemic  pressure.  With  an  intra-abdominal  pressure  of 
5  mm  Hg,  the  venous  return  improves.  Under  these 
conditions  the  intraperitoneal  pressure  remains  lower  than 
the  pressure  in  the  vena  cava  which  results  in  a  flushing 
effect,  with  no  obstructive  phenomena  in  the  lower  vena 
cava.  When  the  intraperitoneal  pressure  rises  above  the 
intravascular  pressure,  a  sub-diaphragmatic  narrowing  of 
the  lower  vena  cava  slows  the  flow  of  blood.  The  abdominal 
blood  volume  is  reduced  due  to  the  pressure  and  a  reflux 
into  the  venous  system  of  the  lower  limb  occurs. 

The  increase  in  vascular  resistance  can  be  explained  by 
the  splanchnic  vascular  compression,  but  the  persistence  of 
high  resistance  after  exsufflation,  means  a  humoral  factor 
could  be  suggested.  During  the  increase  in  intraperitoneal 
pressure  a  considerable  rise  in  antidiuretic  hormone  is  found, 
and  its  vasopressive  effects  are  well-known.  This  secretion 
would  seem  to  be  dependent  on  the  drop  in  cardiac  flow 
rate.  A  simultaneous  rise  in  the  level  of  plasma 
norepinephrine,  whose  vasoconstrictor  effects  are  equivalent 
to  those  of  vasopressin,  has  also  been  reported.  The  increase 
in  vascular  resistance  is  correlated  with  a  rise  in  arterial 
pressure  insofar  as  inotropism  is  sufficient. 

The  circulation  of  kidney  becomes  much  compromised 
with  increased  intra-abdominal  pressure.  Renal  blood  flow 
and  glomerular  filtration  rate  decreases  because  of  increase 
in  renal  vascular  resistance,  reduction  in  glomerular  filtration 
gradient  and  decrease  in  cardiac  output.  The  increase  in 


systemic  vascular  resistance  impairs  left  ventricular  function 
and  cardiac  output.  Arterial  pressure  however  remains 
relatively  unchanged,  which  conceal  the  fall  in  cardiac 
output.  High  intrathoracic  pressure  during  intermittent 
positive  pressure  ventilation  add  in  impairment  of  venous 
return  and  cardiac  output,  particularly  if  positive  end 
expiratory  pressure  (PEEP)  is  also  applied.  The  elevation  in 
intra-abdominal  pressure  produces  lactic  acidosis,  probably 
by  severely  lowering  cardiac  output  and  by  impairing  hepatic 
clearance  of  blood  lactate. 

Stretching  of  the  peritoneum  sometimes  leads  to 
stimulation  of  vagus  nerve  and  can  provoke  arrhythmias 
such  as  AV  dissociation,  nodal  rhythm,  sinus  bradycardia 
and  asystole.  This  shock  is  more  commonly  seen  with  rapid 
stretching  of  the  peritoneum  at  the  beginning  of  peritoneal 
insufflation. 

Faulty  pneumoperitoneum  may  give  rise  to 
subcutaneous  emphysema,  pneumomediastinum, 
pneumopericardium  and  pneumothorax.  However,  gas  can 
also  dissect  through  existing  defects  in  the  diaphragm  or 
along  surgically  traumatized  tissue  planes  in  the 
retroperitoneum,  the  diaphragm  or  the  falciform  ligament. 
Gas  can  leak  into  the  subcutaneous  tissues  connected  with 
poor  positioning  of  a  trocar  sleeve  (2.7%  of  cases  of  severe 
hypercapnia  in  a  series  of  cholecystectomies  published  by 
Wieden),  C02  is  seen  to  spread  outside  the  abdominal  cavity 
during  laparoscopic  assisted  hysterectomy,  with  or  without 
lymphadenectomy,  and  during  bladder  neck  suspensions. 
In  laparoscopic  gynecological  surgery,  because  this  effusion 
originates  in  the  pelvis,  it  mostly  affects  the  sides  and  loins 
and  generally  remains  hidden  by  the  drapes  until  the  end  of 
the  operation.  Only  the  very  abundant,  rare  forms  can  be 
diagnosed  by  the  anesthetist  during  the  operation,  when 
they  shift  towards  to  the  upper  part  of  the  thorax.  In  this 
case,  the  capnographic  signs  (slow  and  regular  increase  in 
C02  expired)  will  provide  an  alert  during  the  anesthesia. 

REGIONAL  ANESTHESIA 

Spinal  anesthesia  is  reported  enthusiastically  for  diagnostic 
laparoscopy  without  significant  complications.  Regional 
anesthesia  may  be  useful  for  pelvic  procedures  but  if  high 
block  is  used  it  interferes  with  the  respiratory  status  of  patient. 
Bilateral  lower  intercostal  nerve  block  has  also  been  used, 
but  it  is  time-consuming  and  it  can  cause  pneumothorax. 

GENERAL  ANESTHESIA 

Many  centers  use  general  anesthesia  as  a  routine  in  all 
laparoscopic  cases.  General  anesthesia  is  advisable  in 
pediatric  patients  also.  Endotracheal  anesthesia  with  muscle 
relaxants  and  controlled  ventilation  is  generally  preferred 
especially  in  elderly  or  high-risk  cases. 
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Anesthesia  for  laparoscopy  can  be  achieved  with  a 
variety  of  agents  and  techniques.  General  anesthesia  using 
balanced  anesthesia  technique  including  intravenous 
induction  agents  like:  Thiopentone,  propofol,  etomidate,  and 
inhalational  agents  like  nitrous  oxide,  isoflurane  can  be  used. 

A  variety  of  muscle  relaxants  including  succinyl  choline, 
mivacurium,  atracurium,  vecuronium  is  available  for  rapid 
recovery  and  cardiovascular  stability.  Total  intravenous 
anesthesia  using  agents  like  propofol,  midazolam  and 
ketamine,  alfentanil  and  vecuronium  has  been  reported  for 
outpatient  laparoscopy. 

Few  anesthetist  advocates  open  anesthesia,  which  avoids 
the  post-intubation  sore  throat  and  laryngeal  sequelae,  but 
this  is  associated  with  a  risk  of  inhalation  of  gastric  content 
and  gastric  distension.  The  chances  of  latter  is  not  by  the 
passage  of  a  nasogastric  tube.  Halothane  should  be  avoided 
or  used  sparingly  in  patients  with  several  previous  operations 
and  in  the  presence  of  liver  disease. 

LOCAL  ANESTHESIA 

Many  surgeons  have  done  sufficient  number  of  laparoscopic 
procedures  under  local  anesthesia  with  intravenous  sedation 
and  results  are  encouraging  with  minimal  morbidity  and 
negligible  mortality.  Laparoscopy  under  local  anesthesia 
should  be  performed  with  an  anesthetist  being  present  to 
monitor  the  patient’s  cardiac  and  respiratory  functions. 
Intravenous  sedation  should  be  administered  with  IV. 
diazepam  and  pethidine.  Preferred  local  anesthetic  agent  is 
1  percent  lignocaine  without  adrenaline  or  lidocaine  without 
epinephrine.  The  anesthetic  agent  should  be  administered 
at  the  sites  of  insertion  of  the  needle,  and  all  trocars. 

If  local  anesthesia  is  used,  anesthetist  should  perform 
valuable  service  by  providing  “vocal  local  technique”. 
Anesthetist  should  talk  constantly  to  the  patient  that 
everything  is  going  well.  One  of  the  most  difficult  situations 
of  local  anesthesia  is  that,  the  patient,  rather  than  the 
surgeon,  becomes  the  center  of  attraction  for  all  noises  and 
comments  made  in  the  room  during  surgery. 

It  is  important  to  understand  that  under  local  anesthesia 
adequate  sedation  and  analgesia  are  administered  to  keep 
the  patient  somnolent  but  responsive.  Continuous 
monitoring  of  all  the  vitals  is  essential  throughout  the 
procedure.  Secondly,  it  is  essential  that  a  pneumoperitoneum 
of  approximately  1.5  to  3  liters  be  present  under  pressure. 

Anesthetist’s  Role  in  Laparoscopy 

The  role  of  anesthetist  in  laparoscopic  surgery  is  vital.  The 
laparoscopic  surgery  should  never  be  performed  if  anesthetist 
has  no  experience  in  minimal  access  surgical  anesthesia.  It 
is  up  to  anesthetist  to  identify  whether  he  is  capable  of 
performing  realistically  without  compromising  the  safety  of 


the  patients.  It  is  only  on  these  clearly  established  bases  that 
safe  laparoscopy  can  be  contemplated. 

The  following  monitoring  device  should  routinely  used 
at  the  time  of  minimal  access  surgical  general  anesthesia: 

•  Electrocardiogram 

•  Sphygmomanometer 

•  Airway  pressure  monitor 

•  Pulse  oximeter 

•  End  tidal  C02  concentration  (PETC02)  monitor 

•  Peripheral  nerve  stimulator 

•  Body  temperature  probe. 

A  balanced  anesthesia  using  appropriate  amount  of 
muscle  relaxant,  intravenous  and  epidural  narcotics  and 
artificial  ventilation  is  essential  to  combat  the  insult  and  the 
effects  of  pneumoperitoneum,  namely  the  resorption  of 
carbon  dioxide,  diaphragmatic  movement  impairment  and 
the  reduction  in  lung  volumes.  The  direct  arterial  pressure 
monitoring  and  records  of  blood  pressure  and  the  blood 
gases  estimation  is  needed.  The  CVP  monitoring  helps  in 
assessing  the  preload  status.  The  ECG  monitoring 
demonstrates  the  rhythm  status  continuously. 

The  prophylactic  heparin  should  be  used  in  accordance  with 
prevention  of  deep  venous  thrombosis  and  subsequent 
pulmonary  embolism.  The  use  of  intermittent  inflated  pneumatic 
cast  compression  helps  in  maintaining  circulation  in  the  legs 
during  the  operation.  Now,  epidural  anesthesia  is  also  considered 
as  a  safe  alternative  to  general  anesthesia  for  outpatient 
laparoscopy  without  associated  respiratory  depression. 

INTRAOPERATIVE  COMPLICATIONS 

If  anesthetic  consideration  is  not  taken  properly  arrhythmias 
have  been  associated  with  laparoscopy.  The  most  common 
are  junctional  rhythms,  bigemini  and  asystole.  Bradycardia 
has  been  reported  due  to  rapid  insufflation  especially  in  older 
patients.  The  increasing  pressure  on  the  peritoneum 
increases  vagal  tone  and  bradycardia  may  develop.  This 
bradycardia  may  be  increased  secondary  to  absorption  of 
C02.  Atropine  has  proven  effective  in  restoring  vagal  tone. 

The  development  of  a  C02  gas  embolus  is  a  rarely 
encountered  emergency.  It  develops  due  to  intravasations 
of  C02  used  in  laparoscopic  surgery.  Some  apparent  sign 
of  air  embolism  include  a  sudden  drop  in  end  tidal  C02,  a 
drop  in  blood  pressure  and  development  of  an  arrhythmia. 
A  classic  “water  wheel”  or  “mill  wheel”  murmur  will  be  heard 
in  cardiac  auscultatory  area.  Should  such  an  event  be 
suspected  further  insufflation  should  be  immediately  stopped 
and  abdomen  should  be  deflated.  The  patient  should  be 
turned  towards  left  and  head  down  to  deviate  the  bubbles 
of  C02  away  from  heart.  The  patient  should  be 
hyperventilated  with  100  percent  02.  If  a  central  line  is 
present,  aspiration  of  the  embolus  should  be  attempted. 
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Pulmonary  edema  can  result  from  aggressive  fluid 
replacement  or  irrigating  fluid  absorption.  Fluid  management 
is  even  more  difficult  in  gynecological  procedure  where 
hysteroscopy  is  combined.  Pulmonary  edema  is  prevented 
by  monitoring  fluid  input  and  output.  Intraoperative  diuretics 
should  be  administered  if  a  large  discrepancy  between  fluid 
input  and  output  is  found.  If  a  patient  develops  respiratory 
distress,  pulmonary  edema  should  always  be  considered. 
Rales  couples  with  classic  chest  radiographic  findings  will 
confirm  the  diagnosis. 

Patient  Selection 

•  Patients  with  cardiac  pathology  must  be  subjected  to  a 
thorough  preoperative  assessment  taking  the  particular 
hemodynamic  conditions  imposed  by  laparoscopic 
surgery  into  account. 

•  Patients  presenting  with  decompensated  congestive 
cardiopathy  are  at  highest  risk  of  laparoscopic  surgery 
because  the  hemodynamic  repercussions  would  be  too 
difficult  to  manage,  even  with  the  help  of  invasive 
monitoring  techniques. 

•  The  increase  in  systemic  vascular  resistance  and  the 
oxygen  requirements  of  the  myocardium  could  be  the 
risk  factor  in  cardiac  patients.  For  these  patients,  the 
postoperative  benefits  of  laparoscopic  surgery  must  be 
weighed  against  the  intraoperative  risks.  Preoperative 
investigation  in  these  patients  enables  this  risk  to  be 
evaluated  more  closely.  The  cardiac  reserve  must  be 
assessed  carefully;  in  particular  myocardial  contractility 
and  the  ejection  fraction  should  be  estimated. 

•  The  drop  in  venous  return  during  peritoneal  insufflation 
is  one  of  the  important  factors  which  are  responsible  for 
drop  in  cardiac  output  during  laparoscopic  surgery.  This 
drop  in  venous  return  is  more  important  when  the 
hypovolemia  develops  due  to  excessive  bleeding, 
indicating  that  hypovolemia  is  a  contraindication,  at  least 
for  as  long  as  their  circulating  volume  has  not  been 
restored  to  normal.  This  point  is  particularly  important 
for  ruptured  ectopic  pregnancy  or  during  laparoscopic 
surgical  exploration  of  abdominal  injuries. 

Monitoring 

Careful  monitoring  of  a  patient  undergoing  laparoscopic 
surgical  procedure  is  very  important.  Monitoring  has  certain 
elements  in  common  for  all  patients.  Others  are  more  specific 
to  patients  with  cardiopathy.  A  multi  parameter  monitor 
(Fig.  5.1)  is  essential  and  minimum  parameters  are  important 
to  look  for: 

•  ECG 

•  Rate  of  respiration 

•  Sp02 


Fig.  5.1:  Multiparameter  monitor 


•  NIBP 

•  Temperature 

•  Pulse  rate 

•  Cardiac  output 

•  EtC02 

Routine  Monitoring 

The  stethoscope  remains  an  important  instrument  enabling 
anesthetist  to  auscultate  both  the  lungs  after  any  change  in 
position  and  after  insufflation  of  the  pneumoperitoneum, 
because  it  pushes  back  the  tracheal  carina,  can  displace 
intubation  to  the  right.  The  use  of  a  stethoscope  in  the 
precordial  position  is  a  good  practice  in  order  to  detect  gas 
embolism,  but  requires  permanent  auscultation. 

Electrocardioscopic  monitoring  during  laparoscopy 
enables  arrhythmia,  which  may  occur  due  to  hypercapnia, 
to  be  rapidly  detected.  At  the  time  of  laparoscopic  surgery, 
sudden  appearance  of  a  microvoltage  can  be  the  sign  of 
subcutaneous  emphysema  or  pneumomediastinum. 

Oximetry  monitoring  (Sp02)  is  essential  part  of  any 
surgery  but  it  is  especially  important  in  laparoscopic  surgery 
because  the  dim  lighting  in  the  laparoscopic  surgery  theater 
and  the  wearing  of  protective  glasses,  if  a  laser  is  being 
used  make  it  difficult  to  recognize  cyanosis.  In  any  case,  the 
latter  is  a  late  clinical  sign  of  hypoxia.  Variations  in  saturation 
are  not  specific  during  laparoscopic  surgery.  Desaturation 
is  a  late  sign  of  complications  such  as  gas  embolism, 
pneumothorax,  selective  intubation  or  a  shunt  effect  due  to 
excessively  high  intraperitoneal  pressure. 
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During  laparoscopic  surgery,  control  of  intraperitoneal 
pressure  is  an  integral  part  of  the  anesthesia  monitoring. 
The  insufflator  must  be  microprocessor  controlled;  it  must 
be  reliable  and  subjected  to  regular  checks.  Excessive 
intraperitoneal  pressure  must  trigger  an  alert  and  an 
immediate  halt  in  insufflation.  As  the  majority  of  older 
insufflators  do  not  have  safety  valve  for  a  reduction  in 
intraperitoneal  pressure,  this  must  be  carried  out  by  manual 
exsufflation  via  opening  the  valve  of  cannula. 

Monitoring  of  the  neuromuscular  block  is  also  important. 
Proper  relaxation  is  good  for  laparoscopic  surgery.  Stable 
and  deep  myoresolution  improves  the  laparoscopic 
surgeon’s  view  and  limits  the  peritoneal  insufflation 
pressures.  In  addition,  the  wide  range  of  operating  times 
and  the  rapidity  with  which  an  operation  is  terminated  means 
it  is  essential  to  know  exactly  what  the  neuromuscular  block 
situation  is  at  any  point  in  time.  When  equipment  for  reading 
the  muscular  activity  in  the  thumb  is  not  available,  the 
simplest  stimulation  is  a  train  of  four  on  a  temporal  branch 
of  the  facial  nerve  and  observation  of  the  contraction  of  the 
orbicular  eye  muscle. 

Intraperitoneal  insufflation  of  dry  and  unheated  gas, 
possibly  accompanied  by  irrigation  with  cold  liquids  results 
in  heat  loss  during  laparoscopic  surgery  which  is  at  least 
equal  to  that  with  laparotomy.  Temperature  monitoring 
associated  with  measures  to  combat  heat  loss  is  also  essential 
when  procedures  take  several  hours.  It  is  important  to 
remember  that  excessive  leakage  of  gas  through  the  cannula 
causes  rapid  hypothermia  to  the  patient. 

Cardiovascular  Monitoring 

Measurement  via  the  bloodstream  enables  arterial  pressure 
to  be  monitored  in  real  time.  In  addition  the  appearance  of 
cyclic  variations  in  time  with  ventilation  is  an  excellent 
indication  of  drops  in  preloading  which  prompt  the 
intraperitoneal  insufflation  pressure  to  be  limited,  to  increase 
filling  or  even  to  accentuate  the  Trendelenburg’s  position 
when  possible.  Installation  of  an  arterial  entry  point,  also 
helps  with  blood  gas  measurements. 

Measurement  of  central  venous  pressure  is  traditionally 
used  to  supervise  the  filling  pressures  in  the  right  heart.  This 
becomes  difficult  during  laparoscopic  surgery  because  of 
the  changes  in  position  which  require  continual  changes  at 
cell  level,  and  particularly  because  of  the  increase  in 
intrathoracic  pressure  transmitted  from  the  peritoneal  area 
via  the  diaphragm.  It  is  important  to  perform  simultaneous 
measurement  of  intrathoracic  pressure  which  is  obtained 
by  esophageal  pressure,  and  to  deduct  this  from  the 
measured  central  venous  pressure. 

Catheterization  of  the  right  heart  using  a  Swan  Ganz 
probe  has  been  used  for  monitoring  during  laparoscopic 


surgery  (Fig.  5.2).  As  for  central  venous  pressure,  the  values 
measured  need  to  be  corrected  according  to  the  intrathoracic 
pressure.  An  increase  in  pulmonary  arterial  pressure  is  an 
early  sign  of  gas  embolism.  Aspiration  of  the  gas  bubbles  by 
the  proximal  orifice  placed  in  the  right  atrium  theoretically 
helps  to  minimize  the  consequences  of  air  embolism.  The 
use  of  a  Swan  Ganz  probe  during  laparoscopy  for  patients 
with  coronary  disease  helps  adapt  the  anesthesia  protocol 
and  therapy,  for  simple  measurement  of  arterial  pressure  is 
insufficient  in  80  percent  of  these  cases.  Nevertheless  in  the 
course  of  general  anesthesia  with  controlled  ventilation  when 
Sa02,  hemoglobin  and  oxygen  consumption  are  stable,  a 
change  in  Sv02  is  often  the  sign  of  a  change  in  cardiac  flow 
rate. 

Because  right  heart  catheterization  is  an  invasive 
procedure,  several  studies  have  reported  the  use  of  cardiac 
flow  rate  monitoring  by  electrical  bio-impedance  during 
laparoscopic  surgery.  The  principle  is  founded  on  continuous 
measurement  of  the  blood  flow  rate  in  the  thorax  by  analysis 
of  the  variations  in  conductivity  relative  to  an  electrical  field. 
Transthoracic  electrical  bio-impedance  brings  a  certain 
number  of  advantages: 

•  Low-risk  (non-invasive  monitoring) 

•  Easy  and  simple  to  use 

•  Continuous  measurement  in  real  time 

•  Not  limited  in  time 

•  Inexpensive 

•  Reliability  seems  to  be  satisfactory  compared  to  other 
methods. 

It  is  important  that  the  skin  be  carefully  prepared  and 
the  electrodes  are  of  good  quality  and  correctly  positioned. 


Fig.  5.2  :  Swan  Ganz  catheter 
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However,  its  use  in  standard  monitoring  is  still  limited  due 
in  large  part  to  the  frequent  difficulties  encountered  in 
interpreting  the  variations. 

Some  studies  have  been  made  of  hemodynamic 
monitoring  during  laparoscopic  surgery  using  trans¬ 
esophageal  ultrasound  cardiography.  Whereas  the 
advantages  of  this  technique  for  monitoring  and  diagnosis 
are  considerable,  the  cost  remains  an  important  barrier. 
Interpretation  can  also  be  difficult  because  of  the  variations 
in  the  viewing  axis  of  the  heart  according  to  peritoneal 
pressure  and  the  variable  patient’s  position. 

Measurement  of  the  cardiac  flow  rate  by  pulsed  Doppler 
velocimetry  can  be  carried  out  by  either  the  transesophageal 
or  the  supra-sternum  route  at  the  time  of  laparoscopic 
surgery.  The  basic  principle  is  the  same  as  with  any  Doppler 
device  with  a  piezoelectric  transducer  transmitter  and  a 
transducer  receiver  which  receives  the  return  echoes 
modified  by  the  Doppler  effect  when  they  bounce  off  mobile 
structures  like  wall  of  the  heart,  vessels  or  red  blood  cells. 
Based  on  the  effective  diameter  of  the  aorta  which  can  either 
be  calculated  from  the  cardiac  flow  rate  measured  by  another 
method,  or  estimated  from  the  patients  biometric  factors, 
the  ejection  volume  can  be  deduced  and  thus  the  continuous 
cardiac  flow  rate. 

Respiratory  Monitoring 

The  C02  end  tidal  pressure  (PetC02)  provides  evidence  of 
production  of  carbon  dioxide  by  the  cellular  metabolism, 
absorbed  through  the  peritoneal  cavity  and  pulmonary 
exchanges  (Fig.  5.3).  A  rapid  increase  in  PetC02  is  a 
complication: 


Fig.  5.3  :  C02  monitor 


•  A  rapid  rise  of  a  few  millimeters  of  mercury  returning  a 
few  minutes  later  to  the  base  figures  may  be  the  sign  of 
minimal  C02  gas  embolism. 

•  A  more  gradual  and  persistent  rise  is  often  the  sign  of 
extraperitoneal  diffusion  of  C02  (preperitoneal, 
subcutaneous,  retroperitoneal,  mediastinal,  etc.).  This 
increase  in  expired  C02  continues  after  exsufflation  of 
the  pneumoperitoneum,  indeed  often  several  hours  after 
the  laparoscopic  procedure,  justifying  a  follow-up  of 
hypercapnia  in  the  recovery  room. 

•  The  C02  is  transported  by  the  circulatory  system  from 
the  peripheral  areas  towards  the  lungs.  Any  disturbance 
in  the  circulation  will  reduce  the  C02  expired.  A  rapid 
drop  in  PetC02  may  be  the  sign  of  a  drop  in  cardiac 
flow  rate  or  a  decreased  venous  return,  but  also 
pulmonary  arterial  obliteration.  This  is  what  happens  in 
massive  gas  embolism  which  shows  up  as  a  drop  in 
PetC02  proportional  in  size  and  duration  to  the  volume 
of  the  C02  embolus. 

Classically  the  PetC02  values  are  2  to  6  mm  Hg  lower 
than  PaC02.  During  anesthesia  with  artificial  ventilation, 
the  ventilation/perfusion  ratio  of  often  greater  than  1,  so  a 
PaC02-PetC02  gradient  of  10  to  15  mm  Hg  must  be 
expected.  However,  during  laparoscopic  surgery,  the  change 
in  the  arterial  C02-ETC02  gradient  is  very  variable. 

Changes  in  position  such  as  the  Trendelenburg’s  or  the 
lateral  reclined  position  can  modify  the  value  of  the  PetC02. 
Furthermore,  it  is  shown  that  in  cases  of  cardiovascular 
disease,  the  correlation  between  PetC02  and  PaC02  was 
less  good  when  compared  with  patients  with  no  such 
pathology,  and  the  same  is  true  with  obese  patients.  A  recent 
study  confirms  that  in  patients  with  respiratory  impairment; 
the  increases  in  PaC02  are  underestimated  by  PetC02.  So 
for  these  patients  with  respiratory  or  heart  pathology,  it  is 
particularly  useful  to  duplicate  the  PetC02  measurement 
by  arterial  gasometry  at  the  beginning  of  the  operation  and 
every  time  there  is  an  important  variation  in  PetC02. 

In  view  of  this  uncertainty,  transcutaneous  C02 
monitoring  would  give  a  better  idea  of  PaC02,  but  this  also 
raises  a  certain  number  of  technical  problems  (heating  of 
electrodes,  difficulties  with  measurements  in  adults,  etc.). 

Anesthetist  should  keep  following  points  in  mind  at  the 
time  of  laparoscopic  surgery: 

•  The  patient  voids  urine  just  prior  to  entering  the  operating 
room. 

•  No  shaving  is  necessary. 

•  All  patients  undergoing  laparoscopy  should  have  an 
empty  bowel.  In  the  unlikely  event  of  bowel  damage, 
there  is  much  less  risk  of  contamination  if  the  bowel  is 
empty. 

•  The  position  of  leg  is  important  considering  different 
laparoscopic  procedure.  Pressure  stocking  prevents  DVT. 
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•  Good  muscle  relaxation  reduces  the  intra-abdominal 
pressure  required  for  adequate  working  room  in 
abdominal  cavity. 

•  The  inflation  of  stomach  should  be  avoided  during 
artificial  ventilation  using  mask  as  this  increases  the  risk 
of  gastric  injury  during  trocar  insertion  or 
instrumentation. 

•  The  distended  stomach  also  hampers  the  visibility  of 
Calot’s  triangle  at  the  time  of  laparoscopic 
cholecystectomy  or  laparoscopic  bile  duct  surgery. 

•  Tracheal  intubation  and  intermittent  positive  pressure 
ventilation  should  be  routinely  used.  This  ensures  airway 
protection  and  controls  pulmonary  ventilation  to  avoid 
hypocarbia. 

•  The  ventilatory  pattern  should  be  adjusted  according  to 
respiratory  and  hemodynamic  performance  of  the 
individual  patient. 

•  Ventilation  with  large  tidal  volumes  (12-15  ml/kg) 
prevents  alveolar  atelectasis  and  hypoxemia  and  allows 
adequate  alveolar  ventilation  and  C02  elimination. 

•  Halothane  increases  the  incidence  of  arrhythmia  during 
laparoscopic  surgery  especially  in  the  presence  of 
hypercarbia. 

•  Isoflurane  is  the  preferred  volatile  anesthetic  agent  in 
minimal  access  surgery  as  it  has  less  arrhythmogenic 
and  myocardial  depressant  effects. 

•  Patients  should  receive  adequate  airway  humidification 
and  protection  against  unintentional  hypothermia 
because  generally  the  duration  of  operation  is  more  in 
laparoscopic  surgery. 

•  Excessive  intravenous  sedation  should  be  avoided 
because  it  diminishes  airway  reflexes  against  pulmonary 
aspiration  in  the  event  of  regurgitation. 

•  Monitoring  of  PetC02  is  mandatory  during  laparoscopic 
surgery.  The  continuous  monitoring  of  PetC02  allows 
adjustment  of  the  minute  ventilation  to  maintain  normal 
concentration  of  carbon  dioxide  and  oxygen. 

•  Airway  pressure  monitor  is  mandatory  for  anesthetized 
patients  receiving  intermittent  positive  pressure 
ventilation. 

Postoperative  Considerations 

At  the  end  of  the  procedure,  antagonism  of  the  residual 
muscle  relaxation  should  be  reversed  by  appropriate  dose 
of  neostigmine.  When  patient  is  awake  he  or  she  should  be 
extubated  and  transferred  to  the  recovery  room  in  a  semi- 
recumbent  position.  Before  extubation,  the  patient’s  stomach 
may  be  emptied  with  an  orogastric  tube.  During  the  next 
five  hours  in  the  postoperative  period,  analgesia  should  be 
achieved.  Patients  spend  a  minimum  of  an  hour  in  the 
recovery  room.  Vital  signs  and  02  saturation  are  monitored 


and  supplemental  02  is  administered  by  mask  or  nasal 
prongs. 

Nausea  is  frequent  after  general  anesthesia.  Intravenous 
droperidol,  ondensetrone  or  metoclopramide  can  be 
administered  if  nausea  persists.  Vomiting  is  also  common 
after  recovery  from  anesthesia.  Ondem  or  vomiset,  given 
half  an  hour  before  reversal  agent  is  very  helpful  in 
preventing  postoperative  nausea  and  vomiting. 

The  urine  output  should  be  at  rate  of  100  ml/h  and  that 
should  continue  for  18  hours  postoperatively.  The  nursing 
management  included  oxygen  therapy,  early  mobilization, 
incentive  spirometry  and  chest  physiotherapy.  These  should 
repeat  at  2  hours  interval.  She  or  he  should  be  transferred 
to  the  surgical  ward  and  may  be  discharged  home  next  day 
if  everything  is  alright.  On  the  morning  of  the  first 
postoperative  day  the  patient  should  be  mobile,  pain  free, 
and  should  start  soft  diet. 

It  is  very  common  to  expect  some  pain  after  the 
procedure.  Shoulder  pain  may  occur  as  a  result  of  distension 
of  the  abdomen  with  gas.  As  the  gas  absorbs  into  the 
bloodstream  and  is  exhaled  through  the  lungs  the  pain  will 
gradually  disappear,  usually  over  24  or  48  hours.  Depending 
on  the  surgery  carried  out,  there  may  be  some  interference 
in  bowel  function  leading  to  abdominal  distension  and 
colicky  discomfort.  Tramadol  hydrochloride  is  effective  for 
these  types  of  pain.  Initial  loading  dose  of  these  analgesics 
if  administered  can  give  smooth  painless  recovery. 

All  procedures  under  anesthesia  carry  small  but  inherent 
risks  and  patient  should  understand  these  before  agreeing  to 
undergo  the  procedure.  However,  the  risks  of  anesthesia  for 
elective  surgery  under  modern  conditions  are  very  small  indeed. 

BIBLIOGRAPHY 

1.  Andrei  VE,  Schein  M,  Margolis  M,  et  al.  Liver  enzymes  are 
commonly  elevated  following  laparoscopic  cholecystectomy — 
is  elevated  intra-abdominal  pressure  the  cause?  Dig  Surg. 
1998;15:256-9. 

2.  Andrei  VE,  Schein  M,  Wise  L.  Small  bowel  ischemia  following 
laparoscopic  cholecystectomy.  Dig  Surg.  1999;16:522-4. 

3.  Bandyopadhyay  D,  Kapadia  CR.  Large  bowel  ischemia 
following  laparoscopic  inguinal  hernioplasty.  Surg  Endosc. 
2003;17:520-1. 

4.  Ben-Haim  M,  Rosenthal  RJ.  Causes  of  arterial  hypertension 
and  splanchnic  ischemia  during  acute  elevations  in  intra¬ 
abdominal  pressure  with  C02  pneumoperitoneum:  a  complex 
central  nervous  system  mediated  response.  Int  J  Colorectal 
Dis.  1999;14:227-36. 

5.  Boussuges  A,  Blanc  F,  Molenat  F,  et  al.  Haemoconcentration 
in  neurological  decompression  illness.  Int  J  Sports  Med. 
1996;17:351-5. 

6.  Brunner  F,  Frick  P,  Buhlmann  A.  Post-decompression  shock 
due  to  extravasation  of  plasma.  Lancet.  1964;1:1071-3. 


Chapter  5:  Anesthesia  in  Laparoscopic  Surgery 


65 


7.  Case  EH,  Stiles  JA.  The  effects  of  various  surgical  positions 
on  vital  capacity.  Anesthesiology.  1946;7:29-31. 

8.  Collins  VJ.  Principles  of  anesthesiology,  2nd  edn.  Lea  and 
Febiger,  Philadelphia.  1976. 

9.  Cunningham  AJ,  Turner  J,  Rosenbaum  S,  Rafferty  T. 
Transoesophegeal  echocardiographic  assessment  of 
haemodynamic  function  during  laparoscopic 
cholecystectomy.  Br  JAnaesth.  1993;70:621-5. 

10.  Cunningham  AJ,  Turner  J,  Rosenbaum,  et  al. 
Transesophageal  echocardiographic  assessment  of 
haemodynamic  function  during  laparoscopic 
cholecystectomy.  Br  JAnaesth.  1993;70:621-5. 

11.  Diakun  TA.  Carbon  dioxide  embolism:  Successful 
resuscitation  with  cardiopulmonary  bypass.  Anesthesiology. 
1991;74:1151-3. 

12.  Donald  JS,  Gamble  CJ,  Shaw  R.  The  cardiac  output  in  man. 
Am  J  Physiol.  1934;  109:666. 

13.  Dorsay  DA,  Green  FL,  Baysinger  CL.  Hemodynamic  changes 
during  laparoscopic  cholecystectomy  monitored  with 
transesophageal  echocardiography.  Surg  Endosc. 
1995;9:128-34. 

1 4 .  Dorsay  DA,  Greene  FL,  Baysinger  CL.  Hemodynamic  changes 
during  laparoscopic  cholecystectomy  monitored  with  transeso- 
phegeal  echocardiography.  Surg  Endosc.  1995;9:  128-34. 

15.  Feig  BW,  Berger  DH,  Dougherty  TB,  et  al.  Pharmacologic 
intervention  can  reestablish  baseline  hemodynamic 
parameters  during  laparoscopy.  Surgery.  1994;116:733-71. 

16.  Gannedahl  P,  Odeberg  S,  Brodin  LA,  Sollevi  A.  Effects  of 
posture  and  pneumoperitoneum  during  anaesthesia  on  the 
indices  of  left  ventricular  filling.  Acta  Anaesthesiol  Scand. 
1996;40:160-6. 

17.  Girardis  M,  Broi  UD,  Antonutto  G,  Pasetto  A.  The  effect  of 
laparoscopic  cholecystectomy  on  cardiovascular  function  and 
pulmonary  gas  exchange.  Anesth  Analg.  1996;83:134-40. 

18.  Glantzounis  GK,  Tselepis  AD,  Tambaki  AP,  et  al. 
Laparoscopic  surgery-induced  changes  in  oxidative  stress 
markers  in  human  plasma.  Surg  Endosc.  2001;15:1315-9. 

19.  Hachenberg  T,  Ebel  C,  Czorny  M,  Thomas  H,  Wendt  M. 
Intrathoracic  and  pulmonary  blood  volume  during  C02- 
pneumoperitoneum  in  humans.  Acta  Anaesthesiol  Scand. 
1998;42:794-8. 

20.  Hasson  HM,  Galanopoulos  C,  Langerman  A.  Ischemic 
necrosis  of  small  bowel  following  laparoscopic  surgery.  JSLS. 
2004;8:159-63. 

21.  Henderson  Y,  Haggard  HW.  The  circulation  in  man  in  head 
down  position  and  a  method  for  measuring  the  venous  return 
to  the  heart.  J  Pharm  Exp  Therap.  1918;11:189-201. 

22.  Hirvonen  EA,Nuutinen  LS,  Kauko  M.  Hemodynamic  changes 
due  to  Trendelenburg  positioning  and  pneumoperitoneum 
during  laparoscopic  hysterectomy.  Acta  Anaesthesiol  Scand. 
1995;39:949-55. 

23.  Ho  HS,  Saunders  CJ,  Gunther  RA,  Wolfe  BM.  Effector  of 
hemodynamics  during  laparoscopy:  C02  absorption  or 
intraabdominal  pressure?  J  Surg  Res.  1995;59:497-503. 


24.  Ido  K,  Suzuki  T,  Taniguchi  Y,  Kawamoto  C,  Isoda  N, 
Nagamine  N,  Ioka  T,  Kimura  K,  Kumagai  M,  Hirayama  Y. 
Femoral  vein  stasis  during  laparoscopic  cholecystectomy: 
effects  of  graded  elastic  compression  leg  bandages  in 
preventing  thrombus  formation.  Gastrointest  Endosc. 
1995;42:151-5. 

25.  Irwin  MG,  Ng  JKF.  Transoesophageal  acoustic  quantification 
for  evaluation  of  cardiac  function  during  laparoscopic, 
surgery.  Anaesthesia.  2001;56:623-9. 

26.  Ishizaki  Y,  Bandai  Y,  Shimomura  K,  Abe  H,  Ohtomo  Y, 
Idezuki  Y.  Safe  intraabdominal  pressure  of  carbon  dioxide 
pneumoperitoneum  during  laparoscopic  surgery.  Surgery. 
1993;114:549-54. 

27.  Joris  JL,  Hamoir  EE,  Hartstein  GM,  et  al.  Hemodynamic 
changes  and  catecholamine  release  during  laparoscopic 
adrenalectomy  for  pheochromocytoma.  Anesth  Analg. 
1999;88:16-21. 

28.  Joris  JL,  Noirot  DP,  Legrand  MJ,  Jacquet  NJ,  Lamy  ML. 
Hemodynamic  changes  during  laparoscopic  cholecystectomy. 
Anesth  Analg.  1993;76:1067-71. 

29.  Koivusalo  AM,  Kellokumpu  I,  Scheinin  M,  Tikkanen  I, 
Makisalo  H,  Lindgren  L.  A  comparison  of  gasless  mechanical 
and  conventional  carbon  dioxide  pneumoperitoneum 
methods  for  laparoscopic  cholecystectomy.  Anesth  Analg. 
1998;86:153-8. 

30.  Kubal  K,  Komatsu  T,  Sanchala  V,  et  al.  Trendelenburg 
position  used  during  venous  cannulation  increases 
myocardial  oxygen  demands.  Anesth  Analg.  1984;63:239. 

31.  Makinen  MT.  Comparison  of  body  temperature  changes 
during  laparoscopic  and  open  cholecystectomy.  Acta 
Anaesthesiol  Scand.  1997;41:736-40. 

32.  Mariano  ER,  Furukawa  L,  Woo  RK,  et  al.  Anesthetic  concerns 
for  robot-assisted  laparoscopy  in  an  infant.  Anesth  Analg. 
2004;99:1665-7. 

33.  Matzen  S,  Perko  G,  Groth  S,  Friedman  DB,  Secher  NH.  Blood 
volume  distribution  during  head-up  tilt  induced  central 
hypovolaemia  in  man.  Clin  Physiol.  1991;11:411-22. 

34.  McDougall  EM,  Monk  TG,  Wolf  JS,  et  al.  The  effect  of 
prolonged  pneumoperitoneum  on  renal  function  in  an 
animal,  model.  J  Am  Coll  Surg.  1996;182:317-28. 

35.  Miller  R.  Miller’s  Anesthesia,  6th  edn.  Elsevier,  Philadelphia 
28.  Joris  JL,  Noirot  DP,  Legrand  MJ,  et  al  (1993). 
Hemodynamic  changes  during  laparoscopic  cholecystectomy. 
Anesth  Analg.  2005;76:1067-71. 

36.  Myre  K,  Rostrup  M,  Buanes  T,  Stokland  O.  Plasma 
catecholamines  and  haemodynamic  changes  during 
pneumoperitoneum.  Acta  Anaesthesiol  Scand.  1998;42:343-7. 

37.  Nguyen  NT,  Perez  RV,  Fleming  N,  et  al.  Effect  of  prolonged 
pneumoperitoneum  on  intraoperative  urine  output  during 
laparoscopic  gastric  bypass.  J  Am  Coll  Surg.  2002;195:476-83. 

38.  O’Leary  E,  Hubbart  K,  Tormey  W,  Cunningham  AJ. 
Laparoscopic  cholecystectomy:  haemodynamic  and 
neuroendocrine  responses  after  pneumoperitoneum  and 
changes  in  position.  Br  J  Anaesth.  1996;76:640-4. 


66 


Section  1 :  Essentials  of  Laparoscopy 


39.  Odeberg  S,  Ljungqvist  O,  Svenberg  T,  et  al.  Haemodynamic 
effects  of  pneumoperitoneum  and  the  influence  of  posture 
during  anesthesia  for  laparoscopic  surgery.  Acta  Anaesthesiol 
Scand.  1994;38:276-83. 

40.  Oliver  SB,  Cucchiara  RF,  Warner  MA,  et  al.  Unexpected  focal 
neurologic  deficit  on  emergence  from  anesthesia:  a  report  of 
three  cases.  Anesthesiology.  1987;67:823-6. 

41.  Razvi  HA,  Fields  D,  Vargas  JC,  et  al.  Oliguria  during 
laparoscopic  surgery — evidence  for  direct  renal  parenchymal 
compression  as  an  etiologic  factor.  J  Endourol.  1996;10:1-4. 

42.  Root  B,  Levy  MN,  Pollack  S,  et  al.  Gas  embolism  death  after 
laparoscopy  delayed  by  “trapping”  in  portal  circulation. 
AnesthAnalg.  1978;37:232-7. 

43.  Schwenk  W,  Bohm  B,  Fugener  A,  Muller  JM.  Intermittent 
pneumatic  sequential  compression  (ISC)  of  the  lower 
extremities  prevents  venous  stasis  during  laparoscopic 
cholecystectomy:  a  prospective  randomized  study.  Surg 
Endosc.  1998;12:7-11. 

44.  Shuto  K,  Kitano  S,  Yoshida  T,  Bandoh  T,  Mitarai  Y, 
Kobayashi  M.  Hemodynamic  and  arterial  blood  gas  changes 
during  carbon  dioxide  and  helium  pneumo-peritoneum  in 
pigs.  Surg  Endosc.  1995;9:1173-8. 


45.  Sprung  J,  Whalley  DG,  Falcone  T,  et  al.  The  impact  of 
morbid  obesity,  pneumoperitoneum  and  posture  on 
respiratory  system  mechanics  and  oxygenation  during 
laparoscopy.  Anesth  Analg.  2002;94:1345-50. 

46.  Stewart  BT,  Stitz  RW,  Tuch  MM,  et  al.  Hypothermia  in  open 
and  laparoscopic  colorectal  surgery.  Dis  Colon  Rectum. 
1999;42:1292-5. 

47.  Taura  P,  Lopez  A,  Lacy  AM,  et  al.  Prolonged  pneumo¬ 
peritoneum  at  15  mmHg  causes  lactic  acidosis.  Surg  Endosc. 
1998;12:198-201. 

48.  Walder  AD,  Aitkenhead  AR.  Role  of  vasopressin  in  the 
haemodynamic  response  to  laparoscopic  cholecystectomy. 
Br  J  Anaesth.  1997;78:264,  266-77. 

49.  Walder  AD,  Aitkenhead  AR.  Role  of  vasopressin  in  the 
haemodynamic  response  to  laparoscopic  chole-cystectomy. 
Br  J  Anaesth.  1997;78:264-6. 

50.  Wilcox  S,  Vandam  LD.  Alas,  poor  Trendelenburg  and  his 
position!  A  critique  of  its  uses  and  effectiveness.  Anesth  Analg. 
1998;67:574-8. 

51.  Winter  R,  Munro  M.  Lingual  and  buccal  nerve  neuropathy 
in  a  patient  in  the  prone  position:  a  case  report. 
Anesthesiology.  1989;71:452-4. 


Chapter 


Abdominal  Access  Techniques 


Minimal  access  surgery,  a  new  surgical  and  interventional 
approach  was  called  by  different  name  and  one  of  the 
popular  is  minimally  invasive  surgery.  However,  this 
terminology  is  considered  inappropriate  by  Prof  Cuschieri 
for  two  reasons.  Firstly,  it  carries  connotations  of  increased 
safety,  which  is  not  the  case.  Secondly,  it  is  semantically 
incorrect  since  to  invade  is  absolute,  and  indeed  such 
interventions  are  as  invasive  as  open  surgery  in  terms  of 
reach  of  the  various  organs  and  tissues.  The  hallmark  of  the 
new  approaches  is  the  reduction  in  the  trauma  of  access. 
Hence,  a  more  appropriate  generic  term  is  minimal  access 
therapy. 

In  minimal  access  surgery,  the  technique  of  first  entry 
inside  the  human  body  with  telescope  and  instruments  is 
called  access  technique.  Technique  of  access  is  different  for 
different  minimal  access  surgical  procedures.  Thoracoscopy, 
retroperitoneoscopy,  axilloscopy  have  different  ways  of 
access. 

It  is  important  to  know  that  approximately  20  percent  of 
laparoscopic  complications  are  caused  at  the  time  of  initial 
access.  Developing  access  skill  is  one  of  the  important 
achievements  for  the  surgeon  practicing  minimal  access 
surgery.  First  entry  or  access  in  laparoscopy  is  of  two  types, 
closed  and  open  access. 

CLOSED  ACCESS 

In  closed  access  technique,  pneumoperitoneum  is  created 
by  Veress  needle.  This  is  a  blind  technique  and  most 
commonly  practiced  way  of  access  by  surgeons  and 
gynecologists  worldwide.  Closed  technique  of  access  merely 
by  Veress  needle  insertion  and  creation  of  pneumoperitoneum 
is  an  easy  way  of  access  but  it  is  not  possible  in  some  of  the 
minimal  access  surgical  procedures  like  axilloscopy, 
retroperitoneoscopy  and  totally  extraperitoneal  approach 
of  hernia  repair.  In  general,  closed  technique  by  Veress 


needle  is  possible  only  if  there  is  a  preformed  cavity  like 
abdomen. 

OPEN  ACCESS 

In  this,  there  is  a  direct  entry  by  open  technique,  without 
creating  pneumoperitoneum  and  insufflator  is  connected 
once  blunt  trocar  is  inside  the  abdominal  cavity  under  direct 
vision.  There  are  various  ways  of  open  access  like  Hasson’s 
technique,  Scandinavian  technique  and  Fielding  technique. 

Some  surgeons  and  gynecologists  practice  blind  trocar 
insertion  without  pneumoperitoneum.  The  incidence  of 
injury  due  to  this  type  of  access  is  much  higher.  This  type  of 
direct  trocar  entry  is  practiced  by  gynecologists  for 
sterilization.  Sterilization  may  be  performed  because  in 
multipara  patients  the  lower  abdominal  wall  is  lax;  making 
the  fascia  thinner  and  easy  elevation  by  hand  is  possible. 

Bleeding  due  to  accidental  damage  to  a  major  vessel 
during  this  initial  stage  is  one  of  the  most  dangerous 
complications  of  laparoscopic  surgery. 

Anatomy  of  Anterior  Abdominal  Wall 

There  are  three  large,  flat  muscles  (External  oblique,  internal 
oblique,  and  transverses  abdominis)  and  one  long  vertically 
oriented  segmental  muscle  (rectus  abdominis)  on  each  side. 
Four  major  arteries  on  each  side  are  also  present  which 
form  an  anastomotic  arcade  that  supplies  the  abdominal 
wall.  The  superior  and  inferior  epigastric  artery  and  the 
branches  provide  the  major  blood  supply  to  the  rectus 
abdominis  muscle  and  other  medial  structures  (Fig.  6.1). 

Among  all  these  arteries,  the  most  important  for 
laparoscopic  surgeon  is  the  inferior  epigastric  artery  and 
vein.  The  inferior  epigastric  vessels  landmark  is  less  variable 
compared  to  superior  epigastric.  Bleeding  from  inferior 
epigastric  is  a  big  problem  because  it  is  larger  in  diameter 
than  superior  epigastric. 
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Fig.  6.1  :  Anterior  abdominal  wall  anatomy 


commercially  in  different  lengths,  i.e.  long  for  obese  patients, 
short  for  thin  or  pediatric  patients. 

Before  using  Veress  needle,  it  should  be  checked  for  its 
patency  and  spring  action  (Fig.  6.2).  Spring  action  of  Veress 
needle  can  be  checked  by  pulling  the  head  out.  The 
disposable  Veress  needle  spring  action  can  be  checked  by 
pressing  the  sharp  end  against  any  sterilized  draping  (Fig. 
6.3). 

Insufflation  via  the  Veress  needle  creates  a  cushion  of 
gas  over  the  bowel  for  insertion  of  the  first  trocar.  Insufflation 
then  retracts  the  anterior  abdominal  wall,  exposing  the 
operative  field. 

Preparation  of  Patient 


Umbilicus  is  the  site  of  choice  for  access.  It  is  the  scar 
remaining  after  the  umbilical  cord  obliterates.  At  the  level 
of  umbilicus,  skin  fascia  and  peritoneum  are  fused  together, 
with  the  minimum  fat.  The  midline  is  free  of  muscle  fibers, 
nerves  and  vessels  except  at  its  inferior  edge  where 
pyramidalis  muscle  is  sometimes  found.  Trocar  site  in  these 
locations  rarely  cause  much  bleeding.  The  colon  is  attached 
to  the  lateral  abdominal  wall  along  both  gutters  and  puncture 
laterally  should  be  under  video  control  to  avoid  visceral 
injury. 

When  left  subcostal  site  is  chosen  for  access  it  should  be 
2  cm  below  the  costal  margin.  The  costal  margin  provides 
good  resistance  as  the  needle  is  introduced.  When  puncture 
site  lateral  to  the  midline  is  used,  it  is  prudent  to  choose 
location  lateral  to  the  linea  semilunaris  to  avoid  injury  of 
superior  and  inferior  epigastric  vessels.  In  obese  patients, 
the  linea  semilunaris  may  not  be  visible.  In  these,  location 
of  inferior  artery  can  be  localized  by  careful  transillumination. 

Access  to  preperitoneal  space  is  gained  by  penetrating 
almost  all  the  layers  of  abdominal  wall  except  peritoneum. 
The  open  technique  of  access  is  preferable  in  this  situation. 
After  incising  the  fascia  with  the  scalpel,  fingered  dissection 
is  advisable  to  avoid  puncture  of  peritoneum. 

CLOSED  ACCESS  TECHNIQUE 

Creation  of  pneumoperitoneum  is  one  of  the  most  important 
steps  in  laparoscopy.  The  aim  is  to  build  up  a  good  protective 
cushion  of  gas  to  ensure  the  safe  entry  of  trocar  and  cannula. 

Veress  Needle  Insertion 

The  standard  method  of  insufflations  of  the  abdominal  cavity 
is  via  a  Veress  needle  inserted  through  a  small  skin  incision 
in  the  infraumbilical  region.  The  Veress  needle  consists  of  a 
sharp  needle  with  an  internal  spring  loaded  trocar.  The  trocar 
is  blunt  ended  with  a  lumen  and  side  hole.  Disposable  and 
nondisposable  metal  Veress  needles  are  available 


The  patient  should  be  nil  orally  since  the  morning  of  surgery. 
In  some  of  the  procedure  like  LAVH  or  colorectal  surgery 


Fig.  6.3:  Patency  of  Veress  needle  should  be  checked 


Chapter  6:  Abdominal  Access  Techniques 


69 


where  distended  bowel  may  interfere,  it  is  good  to  prepare 
bowel  prior  to  the  night  of  surgery  by  giving  some  mild 
purgative.  Bowel  preparation  can  minimize  the  need  of 
accessory  port  to  retract  the  bowel. 

Before  coming  to  operation  theater,  patient  should 
always  void  urine.  The  full  urinary  bladder  may  get 
perforation  at  the  time  of  insertion  of  Veress  needle  or  trocar. 
If  the  laparoscopic  procedure  is  going  to  be  performed  of 
upper  abdomen  then  Foley’s  catheterization  is  not  necessary. 
If  gynecological  operative  surgery  or  any  general  surgical 
lower  abdominal  procedure  has  to  be  performed  (like  hernia 
or  adhesiolysis)  it  is  wise  to  insert  Foley’s  catheter. 

If  surgeon  is  going  to  perform  any  upper  abdominal 
procedure  like  cholecystectomy,  fundoplication,  duodenal 
perforation,  hiatus  hernia,  etc.  it  is  good  practice  to  have 
nasogastric  tube  in  place.  A  distended  stomach  will  not  allow 
proper  visualization  of  Calot’s  triangle  and  then  surgeon 
has  to  apply  more  traction  over  fundus  or  Hartman  pouch 
and  this  may  cause  tenting  of  CBD  followed  by  accidental 
injury.  In  gynecological  or  lower  abdominal  laparoscopic 
procedure,  it  is  not  necessary  to  put  nasogastric  tube. 

In  minimal  access  surgery,  shaving  of  skin  is  not  must 
and  if  necessary,  it  should  be  done  on  operation  table  itself 
by  surgeon. 

Operating  Room  Set-up 

An  organized  well  equipped  operation  theater  is  essential 
for  successful  laparoscopy.  The  entire  surgical  team  should 
be  familiar  with  the  instruments  and  their  function.  Each 
instrument  should  be  inspected  periodically  for  loose  or 
broken  tips  even  if  the  same  instrument  was  used  during  a 
previous  procedure.  It  is  necessary  to  confirm  proper 
sterilization  of  instruments  because  the  surgeon  ultimately 
is  responsible  for  the  proper  functioning  of  all  instrument 
and  equipment. 

The  entire  instrument  should  be  placed  according  to  wish 
of  the  surgeon  so  that  it  should  be  ergonomically  perfect  for 
that  surgery.  The  co-axial  alignment  should  be  maintained. 
Co-axial  alignment  means  the  eye  of  the  surgeon,  target  of 
dissection  and  monitor  should  be  placed  in  same  axis. 

Patient  Position 

Initially  at  the  time  of  pneumoperitoneum  by  Veress  needle, 
patient  should  be  placed  supine  with  10  to  20  degrees  head- 
down.  The  benefit  of  this  steep  Trendelenburg’s  position  is 
that  bowel  will  be  pulled  up  and  there  will  be  more  room  in 
pelvic  cavity  for  safe  entry  of  veress  needle.  It  is  important 
to  remember  that  patient  should  be  placed  in  head  down 
position  only  if  surgeon  is  planning  to  insert  Veress  needle 
pointing  towards  pelvis  cavity.  If  surgeon  is  planning  to  insert 
Veress  needle  perpendicular  to  abdominal  wall  as  in  case 


of  very  obese  patient  or  diagnostic  laparoscopy  in  local 
anesthesia,  the  patient  should  be  placed  in  supine  position 
otherwise  all  the  bowel  will  come  just  below  the  umbilicus 
and  there  is  increased  risk  of  bowel  injury. 

In  gynecological  laparoscopic  procedures  or  if 
laparoscopy  is  planned  to  be  performed  together  with 
hysteroscopy,  patient  should  be  positioned  in  lithotomy 
position  and  one  assistant  should  be  positioned  between 
the  leg  of  patient.  Patient’s  leg  should  be  comfortably 
supported  by  padded  obstetric  leg  holders  or  Allen  stirr  ups 
which  minimizes  the  risk  of  venous  thrombosis.  In  these 
procedure,  surgeon  need  to  use  uterine  manipulator  for 
proper  visualization  of  female  reproductive  organs.  The 
assistant  seating  between  the  legs  of  patient  will  keep  on 
watching  the  hand  movement  of  surgeon  on  monitor  and 
he  should  give  traction  with  the  handle  of  uterine  monitor 
in  appropriate  direction. 

If  thoracoscopy  or  retroperitoneoscopy  is  planned  then 
patient  is  placed  in  lateral  position  (Fig.  6.4). 

Position  of  Surgical  Team 

The  laparoscopic  surgeon  is  very  much  dependent  and 
helpless  with  eye  fixed  on  monitor.  At  the  time  of 
laparoscopic  surgery,  surgeon  is  largely  depending  on  the 
skill  of  his  assistant.  If  the  surgery  is  of  upper  abdomen, 
French  surgeons  like  to  stand  between  the  legs  of  patient, 
popularly  known  as  “French  position”  (Figs  6.5A  and  B). 

The  American  surgeons  like  to  operate  from  left  in  cases 
of  upper  abdominal  surgery  like  fundoplication  and  hiatus 
hernia  called  as  “American  position”. 

It  is  not  wise  to  remain  standing  in  any  one  position  and 
surgeon  can  walk  to  the  other  side  of  operation  table  to 


Fig.  6.4  :  Patient  position  in  retroperitoneoscopy 
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Figs  6.5A  and  B:  American  versus  French  position 


achieve  proper  ergonomics.  In  most  of  the  cases  at  the  time 
of  access,  surgeon  should  stand  on  left  side  of  the  patient.  If 
surgeon  is  left  handed,  he  should  stand  right  to  the  patient 
at  the  time  of  access.  This  helps  in  inserting  Veress  needle 
and  trocar  towards  pelvis  by  dominant  hand.  Once  all  the 
ports  are  in  position,  the  surgeon  should  come  opposite  to 
the  side  of  pathology  to  start  surgery.  In  cholecystectomy, 
appendectomy,  right  sided  hernia  or  right  ovarian  cyst, 
surgeon  should  stand  left  to  the  patient.  In  left  sided 
pathology  like  left  ovarian  cyst  and  left  sided  hernia  it  is 
ergonomically  better  for  surgeon  to  stand  right  to  the  patient 
(Fig.  6.6). 

In  most  of  the  upper  abdominal  surgery,  camera  assistant 
should  stand  left  to  the  surgeon  and  in  lower  abdominal 
surgery,  he  or  she  should  stand  right  to  the  surgeon.  Camera 
assistant  while  holding  telescope  can  pass  his  or  her  hand 
between  body  and  arm  of  surgeon  so  that  some  time  surgeon 
can  help  him  to  focus  his  camera  correctly.  Camera  assistant 
can  be  placed  opposite  to  the  surgeon  to  stand  but  in  this 
case  it  is  better  to  have  two  monitor  on  both  the  side  of 
patient,  one  for  surgeon  and  one  for  camera  stand  and  other 
members  of  surgical  team. 

The  surgeon  should  work  in  the  most  comfortable  and 
less  tiring  position  possible  with  shoulder  relaxed,  arms 
alongside  of  the  body,  elbows  at  90°  angle  and  forearm 
horizontal. 

Preparation  for  Access 

Before  starting  access,  abdomen  should  be  examined  for 
any  palpable  lump.  It  is  wise  to  tell  the  patient  to  void  urine 
before  coming  to  operating  room  but  if  the  bladder  is  found 


Fig.  6.6:  Surgeons  stands  left  to  the  patient  in  most  of  the  right 
sided  pathology 


full  at  the  time  of  palpation.  Foley’s  should  be  applied. 
Remember  that  full  bladder  may  be  injured  very  easily  by 
Veress  needle  or  trocar  (Figs  6.7A  to  D). 

Once  the  patient  is  cleaned  painted  and  draped,  all  the 
connection  should  be  attached,  followed  by  focusing  and 
white  balancing  of  camera.  At  the  time  of  focusing,  the 
distance  between  the  gauge  piece  and  tip  of  the  telescope 
should  be  6  to  8  cm. 

Choice  of  Gas  for  Pneumoperitoneum 

At  first,  pneumoperitoneum  was  created  by  filtered  room 
air.  Carbon  dioxide  and  nitrous  oxide  are  now  preferred 


Figs  6.7A  to  D:  Preparation  before  access;  palpation  of  abdomen,  attachment  of  cables,  focusing  and  white  balancing 


gas  because  of  increased  risk  of  air  embolism  with  room 
air.  Carbon  dioxide  is  used  for  insufflation  as  it  is  200  times 
more  diffusible  than  oxygen.  It  is  rapidly  cleared  from  the 
body  by  the  lungs  and  will  not  support  combustion.  N20  is 
only  68  percent  as  rapidly  absorbed  in  blood  as  C02.  N20 
has  one  advantage  over  C02  that  it  has  mild  analgesic  effect, 
and  hence  no  pain  if  diagnostic  laparoscopy  is  performed 
under  local  anesthesia.  C02  has  the  advantage  of  being 
non-combustible  and  allows  the  concomitant  use  of  electro¬ 
coagulation  and  laser  irradiation.  For  short  operative 
procedures  like  sterilization  or  drilling,  under  local  anesthetic 
N20  may  also  be  used.  During  prolonged  laparoscopic 
procedure,  N20  should  not  be  a  preferred  gas  for 
pneumoperitoneum  because  it  supports  combustion  better 
than  air.  C02  when  comes  in  contact  with  peritoneal  fluid 
converts  into  carbonic  acid.  Carbonic  acid  irritates 
diaphragm  causing  shoulder  tip  pain  and  discomfort  in 


abdomen.  Carbonic  acid  has  one  advantage  also  that  it  alters 
pH  of  peritoneal  fluid  (acidotic  changes)  and  it  is  mild 
antiseptic,  so  the  chances  of  infection  may  be  slightly  less 
compared  to  any  other  gas.  Helium  gas  being  inert  in  nature 
is  also  tried  in  many  centers  but  it  does  not  have  any  added 
benefit  over  C02. 

Site  of  Veress  Needle  Entry 

There  are  many  sites  of  Veress  needle  entry  tried  for  Veress 
needle  insertion  but  central  location  of  umbilicus  and  ability 
of  umbilicus  to  hide  scar  makes  it  most  attractive  site  for 
primary  port. 

Umbilical  is  good  site  for  access  because  it  is: 

•  Thinnest  abdominal  wall  (easy  access) 

•  Cosmetically  better 

•  No  significant  blood  vessels 

•  Ergonomically  better  (center  point  of  abdomen). 
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Initially,  there  was  controversy  regarding  use  of  umbilicus 
for  first  port  access.  First  concern  was  regarding  infection. 
Umbilicus  is  a  naturally  dirty  area  and  many  surgeons  were 
having  this  impression  that  it  may  cause  infection  of  port 
site.  The  umbilical  skin  cannot  be  cleaned  of  all  bacteria 
even  with  modern  iodophor  solution.  Carson  and  associates 
(1997)  demonstrated  that  the  bacteria  introduced  inside  the 
abdominal  cavity  through  this  dirty  skin  but  these  bacteria 
do  not  have  many  dead  cells  to  act  as  culture  medium  to 
grow  and  the  normal  defense  mechanism  of  body  destroys 
these  bacteria  rapidly.  Second  fear  of  using  umbilicus  was 
ventral  hernia.  Umbilicus  is  the  weakest  abdominal  wall  so 
the  chances  are  more  that  ventral  hernia  may  develop  if 
umbilicus  is  used  for  access.  A  survey  of  American 
Association  of  Gynecological  Laparoscopists  Members 
reported  in  1994,  a  study  of  3127  surgeons  and  there  were 
840  hernia  reported.  Eighty  six  percent  of  cases  of  incisional 
hernia  after  laparoscopy  were  due  to  unrepaired  10  mm  or 
larger  port  wound. 

Due  to  these  two  possible  complications  of  using 
umbilicus  for  access,  many  surgeons  started  using 
supraumbilical  or  infraumbilical  region  of  abdominal  wall 
for  access.  Even  the  port  wound  of  10  mm  away  from  the 
umbilical  site  has  reported  higher  incidence  of  incisional 
hernia.  Recent  study  has  proved  that  umbilicus  does  not 
have  increased  incidence  of  infection  or  ventral  hernia 
compared  to  other  site  if  few  precautions  are  taken: 

•  Umbilicus  should  be  cleaned  meticulously  before  incision 
(Fig.  6.8). 

•  Rectus  sheath  of  all  the  10  mm  port  should  be  repaired. 

•  If  umbilical  route  is  used  for  tissue  retrieval,  infected  tissue 
should  be  removed  after  putting  in  endobag.  It  should 
not  contaminate  the  port  wound. 


•  Any  hematoma  formation  at  the  port  wound  site  should 
be  discouraged  by  maintaining  proper  hemostasis. 

Where  in  Umbilicus? 

•  Superior  or  inferior  crease  of  umbilicus,  in  non-  obese 
patients  (for  abdominal  procedure). 

•  Transumbilical  in  obese  patients  or  if  diagnostic 
laparoscopy  is  going  to  be  performed  under  local 
anesthesia. 

In  most  of  the  patients,  inferior  crease  of  umbilicus  is 
best  site  of  incision.  This  is  called  as  smiling  incision  (Fig. 
6.9).  In  obese  patient,  transumbilical  incision  is  preferred 
because  this  area  has  minimum  thickness  of  fat.  In  obese 
patient  veress  needle  should  be  inserted  perpendicular  to 
the  abdominal  wall  because  if  oblique  entry  is  tried,  the  full 
length  of  Veress  needle  will  be  some  where  within  the  fat 
pad  and  there  is  chance  of  creation  of  preperitoneal  space. 

Stabilization  of  Umbilicus  and  Incision 

Before  incision  along  the  inferior  crease  of  umbilicus  it  should 
be  stabilized  with  the  help  of  two  Ellis  forceps.  Once  Ellis 
forceps  will  hold  the  umbilicus,  the  crease  of  umbilicus  will 
be  everted  and  it  is  easy  to  give  smiling  incision.  Initial  1 
mm  incision  with  blade  no.  11  should  be  given  (Figs  6.10A 
and  B). 

Some  surgeon  give  11  mm  incision  in  beginning  itself 
but  this  is  not  good  because  gas  may  leak  from  the  side  of 
puncture  of  veress  needle  due  to  tear  in  rectus  and  this  will 
interfere  with  the  quadro-manometric  indicator  of  insufflator. 

Stab  wound  should  be  given  just  skin  deep  and  any 
puncture  of  rectus  or  peritoneum  should  be  avoided.  After 
this  initial  incision  tip,  mosquito  forceps  is  introduced  to 


Fig.  6.8:  Proper  cleaning  of  umbilicus  is  necessary  before  inserting  port 


Fig.  6.9:  Smiling  incision 


Figs  6.1  OA  and  B:  Two  millimeter  stab  wound  with  1 1  number  of  knife 


clear  the  subcutaneous  fat  and  any  remaining  septa  of  skin 
(Fig.  6.11). 

INTRODUCTION  OF  VERESS  NEEDLE 

Veress  needle  should  be  held  like  a  dart  (Fig.  6.12).  At  the 
time  of  insertion,  there  should  be  45°  of  elevation  angle. 
Elevation  angle  is  angle  between  instrument  and  body  of 
patient.  To  get  an  elevation  angle  of  45°  the  distal  end  of 
the  Veress  needle  should  be  pointed  toward  anus. 

To  prevent  creation  of  preperitoneal  slip  of  tip  of  Veress 
needle,  it  is  necessary  that  Veress  needle  should  be 
perpendicular  to  the  abdominal  wall.  However,  there  is  a 
fear  of  injury  of  great  vessels  or  bowel  if  Veress  needle  is 
inserted  perpendicular  to  the  abdominal  wall.  To  avoid  both 


the  difficulty  (creation  of  preperitoneal  space  and  injury  to 
bowel  or  great  vessels),  the  lower  abdominal  wall  should  be 
lifted  in  such  a  way  that  it  should  lie  at  90°  angle  in  relation 
to  the  Veress  needle  but  in  relation  to  the  body  of  patient 
Veress  needle  will  be  at  an  angle  of  45°  pointed  towards 
anus.  Lifting  of  abdominal  wall  should  be  adequate  so  that 
the  distance  of  abdominal  wall  from  viscera  should  increase. 
If  less  than  required  dose  of  muscle  relaxant  is  given  in 
muscular  patient,  lifting  of  abdominal  wall  may  be  difficult. 
In  multipara  patient,  lifting  lower  abdominal  wall  is  very 
easy. 

For  many  years,  surgeons  have  been  using  towel  clip  to 
elevate  the  abdominal  wall.  This  towel  clip  technique  of  lifting 
abdominal  wall  was  advocated  by  Johns  Hopkins  University 
but  after  some  time  it  was  realized  that  towel  clip  technique 
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increases  the  distance  of  skin  from  rest  of  the  abdominal 
wall  more  than  distance  of  abdominal  wall  from  viscera. 
Abdominal  wall  should  be  held  full  thickness  with  the  help 
of  thenar,  hypothenar  and  all  the  four  fingers  (Fig.  6.13).  It 
is  lifted  in  such  a  way  that  angle  between  Veress  needles  to 
abdominal  wall  should  be  90°  and  angle  between  Veress 
needle  and  patient  should  be  45°.  At  the  time  of  entry  of 
Veress  needle  surgeon  can  hear  and  feel  two  click  sounds. 
The  first  click  sound  is  due  to  rectus  sheath  and  second  click 
sound  is  due  to  puncture  of  peritoneum.  Anterior  and 
posterior  rectus  forms  one  sheath  at  the  level  of  umbilicus, 
so  there  will  be  only  one  click  for  rectus. 

If  any  other  area  of  abdominal  wall  is  selected  for  access 
surgeon  will  get  three  click  sounds.  Once  these  two  click 
sound  is  felt,  surgeon  should  stop  pushing  Veress  needle 
further  inside  and  he  should  use  various  indicators  to  know 
how  far  he  has  accessed. 

Indicators  of  Safe  Veress  Needle  Insertion 
Needle  Movement  Test 

Once  the  Veress  needle  is  inside  the  abdominal  cavity,  the 
tip  of  Veress  needle  should  be  free  and  if  surgeon  will  gently 
move  the  tip  of  needle  there  should  not  be  feel  of  any 
resistance.  It  is  very  important  to  remember  that  Veress 
needle  should  not  be  moved  inside  the  abdominal  cavity 
much,  otherwise  there  is  a  risk  of  laceration  of  bowel  to  be 
punctured  (Fig.  6.14). 

Irrigation  Test 

A  10  ml  syringe  should  be  taken  in  one  hand  and  surgeon 
should  try  to  inject  at  least  5  ml  of  normal  saline  through 


Veress  needle.  If  tip  of  veress  needle  is  inside  the  abdominal 
cavity,  there  will  be  free  flow  of  saline  otherwise  some 
resistance  is  felt  in  injecting  saline  (Fig.  6.15). 

Aspiration  Test 

After  injecting  saline,  surgeon  should  try  to  aspirate  that 
saline  back  through  Veress  needle  (Fig.  6.16).  If  the  tip  of 
Veress  needle  is  in  abdominal  cavity,  the  irrigated  water 
cannot  be  sucked.  But  if  it  is  in  pre-peritoneal  space  or  in 
muscle  fiber  or  above;  the  rectus  the  injected  water  can  be 
aspirated  back.  In  aspiration  test,  if  more  irrigated  fluid  is 
coming,  then  surgeon  should  suspect  ascites,  some  cysts  or 
perforation  of  urinary  bladder.  If  fecal  mater  is  seen  then 
perforation  of  bowel  may  be  the  reason  and  if  blood  is 
coming  then  the  Vessel  injury  is  the  cause.  If  any  fresh  blood 


Fig.  6.14:  Bleeding  due  to  injury  of  omental  vessels 


Fig.  6  .13:  Lifting  lower  abdominal  wall 


Fig.  6.15:  Irrigation  test 
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or  fecal  fluid  is  aspirated  in  the  syringe  surgeon  should  not 
remove  the  Veress  needle  and  urgent  laparotomy  is  required. 
Leaving  Veress  needle  in  position  is  helpful  in  two  ways. 
First,  it  is  easy  to  find  the  punctured  area  after  laparotomy 
and  secondly,  the  further  bleeding  will  be  less. 

Hanging  Drop  Test 

Few  drops  of  saline  should  be  poured  over  the  Veress  needle 
and  abdominal  wall  should  be  lifted  slightly,  if  tip  of  the  Veress 
needle  is  inside  the  abdominal  cavity  the  hanging  drop  should 
be  sucked  inside  because  inside  the  abdomen,  there  is  negative 
pressure.  If  tip  of  the  Veress  needle  is  any  where  else  the  hanging 
drop  test  will  be  negative  (Figs  6.17A  and  B). 

Once  it  is  confirmed  that  Veress  needle  is  inside  the 
abdominal  cavity  the  tubing  of  insufflator  is  attached  and 
flow  is  started. 


Fig.  6.16:  Aspiration  test 


It  is  important  to  keep  nice  hold  on  Veress  needle 
throughout  while  gas  is  flowing;  otherwise  Veress  needle 
can  slip  out  and  may  create  preperitoneal  insufflation  (Figs 
6.18  and  6.19). 

Insufflation  of  Gas  Test ,  Quadro-manometric  Test 

For  safe  access,  surgeon  should  always  see  carefully  all  the 
four  indicators  of  insufflator  at  the  time  of  creation  of 
pneumoperitoneum.  If  the  gas  is  flowing  inside  the 
abdominal  cavity  there  should  be  proportionate  rise  in  actual 
pressure  with  total  gas  used.  Suppose  only  with  the  entry  of 
400  to  500  ml  of  gas,  if  actual  pressure  is  equal  to  preset 
pressure  of  12  mm  Hg,  that  means  gas  is  not  going  in  free 
abdominal  cavity,  it  may  be  in  pre-peritoneal  space  or  inside 
omentum  or  may  be  in  bowel.  If  gas  is  flown  more  than  5 
liter  without  any  distension  of  abdomen  that  may  be  due  to 
leakage  or  gas  may  be  going  inside  the  vessel. 

Quadro-manometric  Indicators  of  Insufflator 
(Figs  6.20A  and  B) 

Quadro-manometric  indicators  are  the  four  important 
readings  of  insufflator. 

The  insufflator  is  used  to  monitor: 

•  Preset  insufflation  pressure 

•  Actual  pressure 

•  Gas  flow  rate 

•  Volume  of  gas  consumed. 

Preset  Pressure 

This  is  the  pressure  adjusted  by  surgeon  before  starting 
insufflation.  This  is  the  command  given  by  surgeon  to 
insufflator  to  keep  intra-abdominal  pressure  at  this  level. 


Figs  6.1 7A  and  B:  Hanging  drop  test 


76 


Section  1 :  Essentials  of  Laparoscopy 


Fig.  6.18:  Attaching  gas  tubing  with  careful  hold  of  Veress 
needle  and  counter  twist  over  leur  lock  of  insufflator  tubing 


Fig.  6.19:  Beginning  of  insufflation  with  careful  hold  over 
Veress  needle 


The  preset  pressure  ideally  should  be  12  mm  Hg.  In  any 
circumstance,  it  should  not  be  more  than  18  mm  of  mercury. 
Good  quality  insufflator  always  keeps  intra-abdominal 
pressure  at  preset  pressure.  Whenever  intra-abdominal 
pressure  decreases  due  to  leak  of  gas  outside,  insufflator 
eject  some  gas  inside  to  maintain  the  pressure,  equal  to 
preset  pressure.  If  intra-abdominal  pressure  increases  due 
to  external  pressure;  insufflator  sucks  some  gas  from 
abdominal  cavity,  to  maintain  the  pressure  to  preset  pressure. 

When  surgeon  or  gynecologist  wants  to  perform 
diagnostic  laparoscopy  under  local  anesthesia,  the  preset 
pressure  should  be  set  to  8  mm  Hg.  In  some  special  situation 
of  axilloscopy  or  arthroscopy,  we  need  to  have  pressure 
more  than  19  mm  Hg. 

Actual  Pressure 

This  is  the  actual  intra-abdominal  pressure  sensed  by 
insufflator.  When  veress  needle  is  attached,  there  is  some 
errors  in  actual  pressure  reading  because  of  resistance  of 
flow  of  gas  through  small  caliber  of  Veress  needle.  Since 
continuous  flow  of  insufflating  gas  through  Veress  needle 
usually  gives  extra  4  to  8  mm  Hg  of  measured  pressure  by 
insufflator,  the  true  intra-abdominal  pressure  can  actually 
be  determined  by  switching  the  flow  from  insufflator  off  for 
a  moment.  Many  microprocessor  controlled  good  quality 
insufflator  deliver  pulsatile  flow  of  gas  when  Veress  needle 
is  connected,  in  which  the  low  reading  of  actual  pressure 
measures  the  true  intra-abdominal  pressure. 

If  there  is  any  major  gas  leak,  actual  pressure  will  be  less 
and  insufflator  will  try  to  maintain  the  pressure  by  ejecting 
gas  through  its  full  capacity. 

Actual  pressures  of  more  than  20  to  25  mm  Hg  has 
following  disadvantage  over  hemodynamic  status  of  patient. 


Figs  6.20A  and  B:  Quadro-manometric  indicators 
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•  Decrease  venous  return  due  to  vena  caval  compression 

leading  to: 

-  Increased  chance  of  DVT  (Deep  vein  thrombosis  of 
calf) 

-  Hidden  cardiac  ischemia  can  precipitate  due  to 
decrease  cardiac  output 

•  Decrease  tidal  volume  due  to  diaphragmatic  excursion 

•  Increase  risk  of  air  embolism  due  to  venous  intravasation 

•  Increased  risk  of  surgical  emphysema. 

Flow  Rate 

This  reflects  the  rate  of  flow  of  C02  through  the  tubing  of 
insufflator.  When  veress  needle  is  attached  the  flow  rate 
should  be  adjusted  to  1  liter  per  minute.  Studies  were 
performed  over  animal  in  which  direct  IV  C02  were 
administered  and  it  was  found  that  risk  of  air  embolism  is 
less  if  rate  is  within  1  liter/minute.  At  the  time  of  access  using 
Veress  needle  technique  sometime  Veress  needle  may 
inadvertently  enter  inside  a  vessel  but  if  the  flow  rate  is  1 
liter/minute  there  is  a  less  chance  of  serious  complication. 
When  initial  pneumoperitoneum  is  achieved  and  cannula 
is  inside  abdominal  cavity,  the  insufflators  flow  rate  may  be 
set  at  maximum,  to  compensate  loss  of  C02  due  to  use  of 
suction  irrigation  instrument.  This  should  be  remembered 
that  if  insufflator  is  set  to  its  maximum  flow  rate  then  also  it 
will  allow  flow  only  if  the  actual  pressure  is  less  than  preset 
pressure  otherwise  it  will  not  pump  any  gas.  Some  surgeons 
keep  initial  flow  rate  with  veress  needle  to  1  liter/minute 
and  as  soon  as  they  confirm  that  gas  is  going  satisfactorily 
inside  the  abdominal  cavity  (Percussion  examination  and 
seeing  obliteration  of  liver  dullness),  then  they  increase  flow 
rate.  No  matter  how  much  flow  rate  you  set  for  Veress 
needle,  the  eye  of  normal  caliber  Veress  needle  can  give 
away  C02  flow  at  maximum  2.5  liter/minute.  When  the  flow 
of  C02  is  more  than  7  liter/minute  inside  the  abdominal 
cavity  through  cannula,  there  is  always  a  risk  of  hypothermia 
to  patient.  To  avoid  hypothermia  in  all  modern 
microprocessor  controlled  laproflattor,  there  is  an  electronic 
heating  system  which  maintains  the  temperature  of  C02. 

Total  Gas  Used 

As  soon  as  100  to  200  ml  of  gas  is  inside  the  abdominal 
cavity,  surgeon  should  do  percussion  of  the  right 
hypochondrium  and  liver  dullness  should  obliterate  with 
tympanic  sound  (Fig.  6.21).  This  is  the  fourth  indicator  of 
insufflator.  Normal  size  human  abdominal  cavity  needs  1.5 
liter  C02  to  achieve  intra-abdominal  actual  pressure  of  12 
mm  Hg.  In  some  big  size  abdominal  cavity  and  in  multipara 
patients  sometime  we  need  3  liter  of  C02  (rarely  5  to  6 
liters)  to  get  desired  pressure  of  12  mm  Hg.  Whenever  there 
is  less  or  more  amount  of  gas  used  to  inflate  a  normal 


Fig.  6.21:  Tapping  over  right  hypochondrium  will  demonstrate 
obliteration  of  liver  dullness 


abdominal  cavity,  surgeon  should  suspect  some  errors  in 
pneumoperitoneum  technique.  These  errors  may  be  leakage 
or  may  be  preperitoneal  space  creation  or  extravasation  of 
gas. 

PRIMARY  TROCAR  INSERTION 

Technical  errors  in  the  insertion  of  trocars  after  creation  of 
pneumoperitoneum  are  the  most  common  causes  of  injury, 
resulting  from  inadequate  stabilization  of  the  abdominal  wall, 
excessive  resistance  to  trocar  insertion,  and  excessive, 
misdirected  or  uncontrolled  force  applied  by  the  surgeon 
along  the  axis  of  the  trocar. 

It  is  important  to  stabilize  the  abdominal  wall  by  full 
insufflation,  complete  muscle  relaxation,  to  increase  the 
distance  between  the  anterior  abdominal  wall  and  the 
retroperitoneal  vessels  and  the  abdominal  organs.  It  is 
important  to  ensure  that  the  skin  incision  is  of  sufficient  length 
and  that  the  reusable  trocar  tip  is  sharp  so  that  no  resistance 
is  offered. 

Trocar  and  cannula  designs  currently  available  have  a 
number  of  basic  features  in  common.  They  come  in  a  variety 
of  sizes  and  the  central  trocar  may  have  a  pyramidal,  conical 
or  rounded  tip.  They  have  a  valve  system  and  a  gas  input 
with  a  tap  (Fig.  6.22). 

The  disposable  cannula  has  flap  valves  and  care  should 
be  taken  when  passing  instruments  through  the  port.  Some 
disposable  cannula  have  a  safety  system.  A  cylinder  jumps 
forward  after  penetration  of  abdominal  wall  and  forms  a 
shield  over  the  sharp  trocar  tip.  This  is  not  foolproof  due  to 
shield  lag.  In  the  most  recent  disposable  cannula  the  trocar 
itself  is  spring  loaded.  New  designs  of  cannula,  some  quite 
minimalist  are  currently  under  investigation. 

The  first  trocar  and  cannula  inserted  is  a  11  mm 
disposable  trocar.  This  will  accommodate  a  10  mm  telescope 
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Fig.  6.22:  Attaching  leur  lock  of  insufflator  in  primary  cannula 


After  giving  11  mm  incision  with  11  number  blades, 
surgeon  should  spread  fatty  tissues  with  Kelly  clamp  (Fig. 
6.24). 

Introduction  of  Primary  Trocar 

Surgeon  should  hold  the  trocar  in  proper  way.  Head  of  trocar 
should  rest  on  thenar  eminence,  middle  finger  should 
encircle  air  inlet  and  index  finger  should  point  toward  sharp 
end  (Fig.  6.25). 

After  holding  the  trocar  properly  in  hand,  full  thickness 
of  abdominal  wall  should  be  lifted  by  fingers  thenar  and 
hypothenar  muscles.  After  creation  of  pneumoperitoneum 
lifting  of  abdominal  wall  is  difficult  because  it  slips.  To 
overcome  this,  it  should  be  grasped  to  counter  the  pressure 
exerted  by  the  tip  of  trocar. 


and  leave  sufficient  space  in  the  cannula  for  rapid  gas 
insufflation,  if  required. 

Steps  of  Primary  Trocar  Insertion 

Patient  Position 

As  for  Veress  needle  insertion,  patient  should  be  placed 
supine  with  10  to  20  degrees  head-down.  The  cephalocaudal 
relationship  between  the  aortic  bifurcation  and  the  umbilicus 
has  been  studied  radiologically.  The  umbilicus  is  often 
located  directly  above  or  cephaled  to  the  aortic  bifurcation, 
and  is  consistently  located  cephaled  to  where  the  left 
common  iliac  vein  crosses  the  midline.  The  aortic  bifurcation 
is  located  more  caudal  to  the  umbilicus  in  the  Trende¬ 
lenburg’s  position  than  in  the  supine  position. 

Site 

The  same  site  of  Veress  needle  entry  should  be  used  for 
primary  trocar  insertion.  Inferior  or  superior  crease  of 
umbilicus  can  be  used  in  average  built  patient  and 
transumbilical  incision  can  be  used  in  obese  patient.  Before 
introduction  of  trocar,  surgeon  should  confirm 
pneumoperitoneum.  After  adequate  distention  of  abdominal 
cavity,  the  actual  pressure  should  be  equal  to  the  preset 
pressure  and  gas  flow  should  be  stopped. 

Before  introduction  of  trocar,  the  initial  1  mm  stab 
puncture  wound  of  skin  for  Veress  needle  should  be 
extended  to  11  mm.  It  should  be  remembered  that  most 
common  cause  of  forceful  entry  inside  the  abdominal  cavity 
with  primary  trocar  is  small  skin  incision.  To  avoid 
inadvertent  injury  of  bowel  due  to  forceful  uncontrolled 
entry,  the  incision  of  skin  should  not  be  less  than  1 1  mm  in 
size.  The  skin  incision  for  trocar  should  be  smiling  in  shape 
(U  shaped)  along  the  crease  of  umbilicus  to  get  a  better 
cosmetic  value  (Fig.  6.23). 


Fig.  6.23:  Smiling  incision  along  inferior  crease  of  umbilicus 


Fig.  6.24:  Clearing  fat  and  uncut  subcutaneous  tissue  after  initial 
skin  incision 
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Fig.  6.25:  The  trocar  and  cannula  should  be  held  like  a  pistol 


Angle  of  Insertion 

Initially,  angle  of  insertion  for  primary  trocar  should  be 
perpendicular  to  abdominal  wall  but  once  surgeon  feels 
giving  way  sensation,  the  trocar  should  be  tilted  to  60  to 
70°  angle. 

Confirmation  of  Entry  of  Primary  Trocar 

•  Audible  click  if  disposable  trocar  or  safety  trocar  is  used. 

•  Whooshing  sound  if  reusable  trocar  is  used  (gas  passes 
from  the  small  hole  at  the  tip  of  pyramidal  shaped  trocar 
to  the  head  of  trocar). 

•  Loss  of  resistance  felt  both  in  disposable  as  well  as 
reusable  trocar. 

Once  the  trocar  entry  in  abdominal  cavity  is  confirmed, 
cannula  is  stabilized  with  left  hand  and  trocar  is  removed 
by  right  hand.  After  removing  trocar,  cannula  is  pushed 
slightly  further  inside  the  abdominal  cavity  to  prevent  coming 
cannula  in  preperitoneal  space  with  movement  of  abdominal 
wall  with  respiration. 

Once  cannula  is  in  place  tubing  of  insufflator  is  attached 
again  and  flow  is  restarted  to  refill  the  C02  at  preset  pressure. 

Telescope  is  introduced  slowly  keeping  the  oblique  cut 
edge  down  in  case  of  30  degree  telescope  (Fig.  6.26). 

Once  the  telescope  is  inside,  the  elevation  angle  of  the 
telescope  should  be  90°  with  panoramic  vision.  The  site 
just  below  the  entry  of  primary  port  is  examined  for  any 
vessel  or  bowel  injury.  Sometime,  there  may  be  few  drop 
of  blood  found  just  below  the  site  of  entry  but  these  few 
drops  of  blood  is  trickled  blood  through  umbilical  wound. 
If  surgeon  has  any  doubt  about  perforation  of  bowel  or 
injury  to  vessel,  he  should  evaluate  this  area  again  after 
putting  other  ports. 


nal  Access  Techniques 


Fig.  6.26:  Introduction  of  telescope 


Working  Ports 

To  select  the  site  for  secondary  port,  transillumination  with 
illuminated  telescope  tip  should  be  done  first  to  locate 
avascular  area  to  avoid  injury  of  subcutaneous  vessels. 

With  the  help  of  mosquito  forceps  any  remaining  skin 
fiber  is  breached  and  the  subcutaneous  fat  should  be  cleared. 

Initially,  the  direction  of  entry  of  trocar  is  perpendicular 
but  as  soon  as  the  tip  of  trocar  is  seen,  the  direction  of  trocar 
should  be  changed  towards  the  free  space  to  prevent  any 
injury  of  underlying  viscera  (Figs  6.27  to  6.30). 

Subsequent  Ports 

Subsequent  trocars  are  inserted  under  direct  vision  at 
locations  appropriate  for  the  procedure  and  to  the  anatomy 
of  the  individual  (Fig.  6.31).  If  the  port  is  on  the  opposite 
side  of  the  patient,  it  can  be  introduced  same  way  but  if 
surgeon  is  not  able  to  bend  enough  to  opposite  side,  his 
right  index  finger  can  be  placed  over  the  head  of  the  trocar 
and  left  hand  should  guard  the  shaft  of  cannula.  With  slow 
rotatory  movement  of  right  hand,  first  the  tip  of  trocar  should 
be  perpendicular  to  the  skin  but  as  soon  as  tip  of  trocar  is 
seen  direction  of  trocar  should  changed  towards  the  anterior 
abdominal  wall.  Alternatively  surgeon  can  go  to  another 
side  of  the  patient  and  he  can  introduce  the  trocar  in 
conventional  way  (Figs  6.32  and  6.33). 

In  same  manner,  all  the  working  port  should  be 
introduced  and  instruments  are  inserted  to  start  the  surgery 
(Fig.  6.34).  It  should  be  remembered  that  distance  between 
two  ports  should  never  be  less  than  5  cm.  The  “Baseball 
diamond  concept”  discussed  in  next  chapter  is  the  most 
appropriate  method  to  decide  the  site  of  introduction  of 
working  port  (Fig.  6.35).  The  positioning  of  operative  ports 
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Fig.  6  .27:  Direction  of  trocar  insertion 


Fig.  6.30:  As  soon  as  tip  of  trocar  is  seen,  the  direction  of  trocar 
should  be  turned  towards  the  anterior  abdominal  wall 


Fig.  6.28:  Clearing  subcutaneous  tissue  under  transillumination 


Fig.  6.31 :  Incision  for  secondary  ports  after  transillumination 


Fig.  6.29:  Initially  direction  of  trocar  should  be  perpendicular 


is  an  important  factor  in  determining  the  ease  with  which  a 
procedure  is  carried  out.  It  is  a  skill  which  must  be  learnt. 

Slipping  of  Port 

Sometimes,  the  port  wound  becomes  bigger  than  the  diameter 
of  cannula  and  it  tends  to  slip  out  frequently.  In  these  situation, 
a  simple  stitch  over  skin  and  fixing  of  the  cannula  with  the 
help  of  sterile  adhesive  tape  helps  (Fig.  6.36).  In  pediatric 
laparoscopic  surgery,  stabilizing  the  port  is  necessary. 

Nondisposable  metal  cannula  have  trumpet  or  flap 
valves.  The  flap  valves  can  be  manually  opened  when 
introducing  or  removing  an  instrument.  This  avoids 
damaging  delicate  instruments  like  tip  of  telescope  or 
blunting  sharp  instruments  like  aspiration  needle  and 
scissors.  A  reducer  tube  is  used  with  large  cannula  to 
maintain  the  gas  seal  and  this  automatically  opens  the  valve. 
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A  number  of  cannula  modeled  on  the  Hasson  cannula 
is  available  for  use  during  open  laparoscopic  procedures. 
Different  sized  converters  (gaskets)  are  available  for 
disposable  cannula  to  maintain  the  gas  seal. 

Open  access  technique  was  developed  by  Hasson  in 
1974.  Open  access  technique  is  similar  to  mini-laparotomy 
and  the  cannula  is  introduced  inside. 

Hasson’s  technique  involves  direct  open  visualization 
of  the  tissues  at  every  layer  until  the  peritoneum  is  opened, 
followed  by  placement  of  anchoring  sutures  in  the  fascia  to 
secure  a  conical  collar  (Fig.  6.37).  The  trocar  is  then  placed 


Fig.  6.32:  Inspection  just  below  entry  for  any  possible  injury 


through  the  collar  to  establish  pneumoperitoneum  and 
access.  Disadvantages  include  persistent  uncontrolled  carbon 
dioxide  leakage  in  many  cases,  increased  incision  size  and 
increased  time  for  placement. 

Advantages  of  Open  Technique 

•  Definite,  small  risk  of  injury  with  blind  Veress  needle 
technique  irrespective  of  experience. 

•  Particularly  useful  in  previous  abdominal  surgery  or 
underlying  adhesions. 

•  The  incidence  of  injury  to  adhesion  although  not 
eliminated  is  significantly  reduced  by  entry  into  the 
peritoneal  cavity  under  direct  vision. 

•  There  is  a  decreased  risk  of  injury  to  the  retroperitoneal 
vessels.  The  trocar  is  blunt  and  the  angle  of  entry  allows 
the  surgeon  to  maneuver  the  cannula  at  an  angle,  which 
avoids  viscera,  while  still  assuring  peritoneal  placement. 

•  The  risk  of  extraperitoneal  insufflation  is  eliminated. 
Placement  under  direct  vision  ensures  that  insufflation 
of  gas  is  actually  into  the  peritoneal  cavity. 

•  The  likelihood  of  hernia  formation  is  decreased  because 
the  fascia  is  closed  as  part  of  the  technique. 

•  Increasing  number  of  surgeons  performing  laparoscopy 
without  experience  and  in  these  group  open  technique 
may  be  easy. 

•  Useful  in  muscular  man  and  children  with  strong 
abdominal  wall. 

•  Useful  for  gynecologists  or  surgeon  lacking  sufficient  upper 
arm  strength  to  elevate  the  abdominal  wall  of  patient. 
An  open  technique,  which  involves  creating  a  mini¬ 
laparotomy  into  which  a  special  cannula  is  inserted,  may 
be  adopted.  This  procedure  has  its  own  complications  and 
requires  skilled  execution. 


Figs  6.33A  and  B:  Method  of  introduction  of  trocar  on  opposite  side  of  the  patient 
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Fig.  6.34:  All  the  ports  and  instruments  should  be  positioned 
properly  without  entangling  each  other 


Fig.  6.35:  Secondary  ports  should  be  introduced  according  to 
baseball  diamond  concept 


The  Hasson  trocar  system  was  initially  developed  for 
laparoscopy  in  patients  who  have  had  a  previous 
laparotomy.  After  seeing  benefit  of  open  access  technique, 
many  surgeons  started  using  open  access  technique  routinely 
in  all  their  patients.  An  access  wound  was  made  using 
traditional  open  techniques  and  the  Hasson  trocar  and 
cannula  was  designed  to  both  fix  the  port  and  seal  this  larger 
wound  round  the  port.  It  requires  the  use  of  sutures  to 
prevent  slippage  of  port.  This  involved  making  a  small  entry 
wound  directly  through  the  scar  tissue  of  the  umbilicus  and 
then  dilating  this  up  by  passage  of  a  blunt,  preferable 
conically  tipped  trocar  and  cannula  (Fig.  6.38). 


Fig.  6.37:  Hasson’s  trocar  and  cannula 


Fig.  6.36:  The  port  can  be  stabilized  with  the  help  of  stay  suture 
and  sterile  adhesive  plaster 


Fig.  6.38:  Hasson’s  cannula  in  proper  position 


Chapter  6:  Abdominal  Access  Techniques 


83 
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A  transverse  incision  is  made  in  the  subumbilical  region  and 
the  upper  skin  flap  is  retracted  with  an  Allis  forceps.  The 
lower  flap  is  retracted  using  a  small  right  angled  retractor. 
Subcutaneous  tissue  is  dissected  till  the  linea  alba  and  the 
rectus  sheath  is  visualized.  Stay  sutures  are  taken  on  either 
side  of  the  midline. 

Transverse  Incision  for  Open  Access 

•  Stay  suture  is  given  both  the  end  of  transverse  incision 
(Fig.  6.39). 

•  Both  the  stays  are  pulled  up  to  make  a  bridge  like 
elevation  of  rectus. 

•  Rectus  sheath  is  incised  in  the  midline  along  the  line  of 
linea  alba  pointing  upwards.  Incision  should  not 
penetrate  the  peritoneum;  otherwise  any  adhesion  with 
the  peritoneum  may  be  punctured  (Fig.  6.40). 

•  A  hemostat  is  stabbed  into  the  peritoneum  while  holding 
the  stays  up  (Fig.  6.41). 

•  The  give-way  of  the  peritoneum  can  be  felt  as 
peritoneum  is  perforated  and  then  the  hemostat  is 
opened  to  widen  the  opening. 

•  Surgeon  should  insert  his  finger  to  feel  all  around  inside 
the  abdominal  cavity  to  feel  any  possible  adhesion  (Figs 
6.42A  and  B). 

•  Small  tiny  adhesion  felt  can  be  broken  with  gentle  sweeping 
movement  of  finger.  Blunt  trocar-cannula  should  be  inserted 
for  the  first  port  after  visualizing  the  intraperitoneal  viscera. 

•  Care  is  taken  not  to  make  a  big  incision;  cannula  dilates 
the  smaller  incision  to  give  an  airtight  fit. 

•  If  incision  is  big,  a  purse  string  suture  should  be  applied 
to  hold  the  port  in  proper  position. 


Open  Fielding  Technique 

This  technique  developed  by  Fielding  in  1992  involves  a 
small  incision  over  the  everted  umbilicus  at  a  point  where 
the  skin  and  peritoneum  are  adjacent.  Fielding  technique 
is  useful  in  patients  with  abdominal  incisions  from  previous 
surgery  provided  there  is  no  midline  incision,  portal 
hypertension  and  recanalyzed  umbilical  vein,  and  umbilical 
abnormalities,  such  as  urachal  cyst,  sinus  or  umbilical 
hernia.  Thorough  skin  preparation  of  the  umbilicus  is 
carried  out  and  the  everted  umbilicus  is  incised  from  the 
apex  in  a  caudal  direction.  Two  small  retractors  are  inserted 
to  expose  the  cylindrical  umbilical  tube  running  from  the 
undersurface  of  the  umbilical  skin  down  to  the  linea  alba. 


Fig.  6.40:  Rectus  is  pulled  up  by  two  stay  sutures  on  both  the 
side  and  rectus  is  cut  in  midline  longitudinally 


Fig.  6.39:  Transverse  infraumbilical  incision 


Fig.  6.41:  Digging  of  hemostat  to  puncture  peritoneum 
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Figs  6.42A  and  B:  Finger  insertion  after  open  access  will  confirm  adhesion 


This  tube  is  then  cut  from  its  apex  downwards  towards  its 
junction  with  the  linea  alba.  Further,  blunt  dissection 
through  this  plane  permits  direct  entry  into  the  peritoneum. 
Once  the  peritoneal  cavity  is  breached,  the  primary  port 
can  be  inserted  directly  and  insufflation  started.  A  blunt 
internal  trocar  facilitates  insertion  of  this  port  and  an 
external  grip  that  can  be  attached  to  the  port  assist  to  secure 
it  in  position.  Suture  is  usually  not  required  to  prevent  gas 
leakage  because  the  umbilicus  has  been  everted  so  the 
angle  of  insertion  of  the  laparoscopic  port  becomes  oblique 
and  the  incision  required  is  relatively  small.  However,  one 
may  be  needed  to  stabilize  the  port. 

The  Scarred  Abdomen 

Additional  precautions  are  necessary  during  the  access 
procedure  in  patients  with  abdominal  scars.  It  may  be 
inadvisable  to  insert  the  Veress  needle  below  the  umbilicus 
in  a  patient  with  a  scar  in  this  area  (or  an  umbilical  hernia). 
Insufflation  through  unscarred  such  as  subcostal  region,  or 
if  this  is  scarred,  the  iliac  fossae  is  better.  A  general  guideline  is  to 
choose  the  quadrant  of  the  abdomen  opposite  to  that  of  the  scar. 

Contraindications  of  Umbilical  Entry 

•  Previous  midline  incision 

•  Portal  hypertension  with  recanalyzed  umbilical  artery 
with  advanced  cirrhosis  of  the  liver 

•  Umbilical  abnormalities  viz.  urachal  cyst,  sinus,  hernia. 

PNEUMOPERITONEUM  IN  SPECIAL  CONDITIONS 

Palmer’s  Technique 

A  small  incision  is  made  to  allow  the  insertion  of  the  Veress 
needle  through  left  subcostal  margin.  This  access  was 


advocated  by  Palmer  in  the  1940s  because  visceral  parietal 
adhesions  are  rarely  encountered  in  this  area  (Fig.  6.43). 

In  addition,  some  authors  feel  that  because  the 
abdominal  wall  in  the  area  is  supported  by  the  rigid  thoracic 
wall,  insertion  of  the  needle  is  more  controlled  than  in  the 
periumbilical  area. 

In  cases  where  umbilical  entry  is  contraindicated,  it  is 
preferred  to  use  left  upper  quadrate  for  entry  of  Veress  needle. 

The  Veress  needle  is  introduced  through  left  hypochondria, 
i.e.  Palmer’s  point.  Special  care  should  be  taken  that  there 
should  not  be  hepatosplenomegaly  (Figs  6.44  and  6.45). 

After  access,  umbilicus  site  is  re-checked  for  any  adhesion 
or  other  abnormalities.  If  necessary,  umbilicus  port  may  be 
introduced  under  vision  (Fig.  6.46). 

Diagnostic  Laparoscopy  may  be  Performed 
Under  Local  Anesthesia 

Intravenous  sedation  should  be  given,  Veress  needle  and  trocar 
should  be  inserted  perpendicular  to  skin  and  slow  insufflation 
0.5  L /minute  should  be  administered  to  prevent  pain  (Fig.  6.47) . 
Pressure  should  not  exceed  8  mm  Hg  otherwise  the  patient  will 
feel  pain.  N20  can  be  used  if  diagnostic  laparoscopy  is  planned 
under  local  anesthesia  because  it  has  an  analgesic  effect. 

Obese  Patients 

In  obese  patient,  incision  site  should  be  transumbilical  (base 
of  umbilicus)  for  the  insertion  of  Veress  needle,  because  it  is 
the  thinnest  abdominal  wall  and  even  in  obese  patient,  the 
amount  of  fat  in  transumbilical  region  is  less  compared  to 
other  areas  of  the  abdominal  wall.  Direction  of  Veress  needle 
entry  in  obese  patient  should  be  perpendicular  to  abdominal 
wall  and  patient  should  be  in  supine  position  not  in 
Trendelenburg’s  position  (Fig.  6.48).  Once  the  Veress  needle 


Chapter  6:  Abdominal  Access  Techniques 


85 


Fig.  6.46:  After  access  through  Palmer’s  point  umbilicus  should 
be  inspected  for  any  possible  adhesion 


Fig.  6.43:  Palmer’s  point  of  access 


Fig.  6.44:  A  stab  wound  of  2  mm  is  given  over  Palmer’s  point 


Fig.  6.47:  After  achieving  proper  pneumoperitoneum  the  trocar 
and  cannula  is  introduced  perpendicular  to  abdominal  wall 


Fig.  6.45:  Veress  needle  introduction  in  right  hypochondrium 


is  inside  pneumoperitoneum  should  be  created  up  to 
18  mm  Hg.  Once  the  actual  pressure  is  equal  to  preset 
pressure  and  at  least  1 .5  to  3  liter  of  gas  is  introduced,  Veress 
needle  is  removed.  After  removing  Veress  needle  the  initial 
incision  is  enlarged  up  to  11  mm. 

After  enlarging  the  initial  incision,  fat  should  be  cleared 
up  to  anterior  rectus  sheath  with  the  help  of  hemostat  and 
little  finger. 

In  obese  patients,  it  is  difficult  to  lift  the  abdominal  wall 
alone,  assistant’s  hand  should  be  asked  for  help  to  have  a 
better  grip  (Fig.  6.49). 

ENTRY  IN  CASES  OF  MORBID  OBESITY 

In  morbid  obese  patient,  the  umbilicus  is  well  below  the 
aortic  bifurcation  in  supine  position.  Perpendicular  entry  of 
Veress  needle  is  necessary.  In  morbid  obese  patient,  it  is 


Fig.  6.48:  Veress  needle  should  be  introduced  perpendicular  in 
obese  patient 


Fig.  6.50:  In  morbid  obese  perpendicular  entry  of  Veress  needle 
should  be  without  lifting  the  abdominal  wall 


Fig.  6.49:  Assistant  hand  should  be  asked  for  help,  to  lift  the 
abdominal  wall  in  obese  patients 


virtually  impossible  to  lift  the  abdominal  wall  and  Veress 
needle  need  to  be  introduced  perpendicular  to  the 
abdominal  wall  transumbilically  without  lifting.  At  least  18 
mm  Hg  pressure  is  necessary  to  leave  the  heavy  abdominal 
wall  in  case  of  morbid  obese  patient  (Fig.  6.50). 

Ultrasound  Visceral  Slide 

There  is  a  simple  preoperative  test  that  can  help  to  identify 
a  safe  region  for  Veress  needle  insertion  in  the  scarred 
abdomen.  The  preoperative  detection  of  anterior  abdominal 
wall  adhesions  by  ultrasonic  scanning  is  a  simple  and  reliable 
technique  of  ultrasonic  detection  and  mapping  of  abdominal 
wall  adhesions. 


Once  the  Veress  needle  has  been  inserted,  there  should 
still  be  concern  about  the  risk  of  causing  damage  with  the 
trocar.  The  following  techniques  have  been  described  for 
this  situation. 

Sounding  Test 

A  fine  spinal  needle,  attached  to  a  saline  filled  syringe,  is 
passed  into  the  inflated  abdomen.  As  the  needle  is  slowly 
advanced,  while  aspirating,  a  stream  of  bubbles  is  seen  in 
the  saline  until  the  needle  tip  contacts  tissue.  The  needle  is 
then  withdrawn  towards  the  surface  and  the  process  repeated 
several  times,  in  different  directions,  thereby  “mapping”  the 
gas  filled  cavity  and  any  solid  structures. 

Visually  Guided  Entry 

Optical  trocars  are  used  for  visual  guided  entry  (Figs  6.51 
and  6.52).  These  permit  smaller  skin  incisions  and  better 
visualization  of  tissues  as  they  are  penetrated,  and  have  been 
shown  in  large  series  to  be  safe  and  fast  way  to  access  the 
peritoneal  space.  Injuries  can  be  recognized  immediately, 
thereby  reducing  their  potential  morbidity.  Disadvantages 
include  the  inability  to  remove  the  trocar  during  its  initial 
advancement,  which  may  change  the  original  tract  and 
confuse  orientation,  in  addition  to  making  it  difficult  to 
recognize  the  peritoneal  layer.  FDA  reports  also  confirm 
deaths  from  major  vascular  injuries  associated  with  the  use 
of  optical  trocars. 

Some  Veress  needle  with  in-built  fiberoptic  telescope 
is  also  used  for  direct  visualization  at  the  time  of  its 
introduction  but  quality  of  picture  is  not  optimum  for  very 
safe  access. 
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Postoperative  Chest  and  Shoulder  Pain 
After  Laparoscopy 

Residual  C02  left  inside  the  abdominal  cavity  sometime 
cause  considerable  discomfort  like  chest  pain  and  shoulder 
tip  pain.  The  cause  of  this  discomfort  is  that  residual  C02 
gets  trapped  in  the  subdiaphragmatic  recesses  and  then 
irritate  diaphragm.  Irritation  of  diaphragm  causes  referred 
pain  in  chest  and  over  shoulder  tip.  This  pain  is  more  when 
patient  sits  upright.  To  avoid  this  entrapment  of  C02  it  is 
good  practice  to  put  the  patient  in  the  Trendelenburg’s 
position  at  the  time  of  removing  gas  at  the  end  of  surgery. 
Only  after  removing  the  last  telescopic  cannula  the  Trend¬ 
elenburg’s  position  of  the  patient  is  discontinued. 

Some  surgeon  leave  some  fluid  like  ringer  lactate  inside 
the  abdominal  cavity  to  divert  gas  away  from 
subdiaphragmatic  space  but  effect  of  this  is  controversial. 


Fig.  6.51:  Optical  trocar 


Fig.  6.52:  Optical  needle 


Subdiaphragmatic  gas  which  remains  inside  is  absorbed 
completely  within  24  to  48  hours  after  surgery. 

Complications  of  Access  Technique 

Improper  trocar  insertion  causes  most  of  the  operative 
complications  of  laparoscopic  surgery.  Examples  are  injury 
to  the  bowel,  major  vessels,  bladder,  inferior  epigastric  vessels 
and  subcutaneous  emphysema.  Other  complications  include 
thermal  injury  to  the  bowel,  abdominal  wall  contusions,  trocar- 
site  herniation  with  possible  bowel  obstruction,  and  trocar- 
site  tumor  implants.  However,  the  overall  incidence  of 
complications  is  relatively  low  (about  2%). 

Visceral  Injuries 

Incidence  of  Injury  of  Hollow  Viscus 

•  Small  bowel  (2.7%) 

•  Large  bowel  (0.15%) 

•  Bladder  (0.5%) 

•  Stomach  (0.02%). 

Solid  Organs 

•  Liver 

•  Spleen. 

Vessel  Injury 

•  Inferior  epigastric 

•  Omental 

•  Mesenteric  vessels 

•  Aorta 

•  Inferior  vena  cava. 

Other  Complications 

•  Gas  embolism  (1:10  000  to  1:60  000,  but  lethal) 

•  Pneumo-omentum 

•  Surgical  emphysema 

•  Pneumomediastinum 

•  Sudden  collapse. 

The  anesthetist  should  check  for  conditions  such  as  drug 
reactions  pneumothorax,  gas  embolism  which  may  give  rise 
to  myocardial  arrhythmias. 

If  cardiac  arrhythmia  is  found: 

•  Stop  insufflation 

•  Withdraw  instrument  and  remove  C02  by  opening  the 
valve  but  leave  port  in  position. 

•  Turn  the  patient  to  left 

•  Correct  hypoxia  and  resuscitate 

•  Postpone  surgery. 

If  case  of  severe  hypotension,  proceed  to  immediate 
laparotomy  with  all  instruments  left  in  situ.  Assume 
retroperitoneal  bleeding  to  be  the  cause. 
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Mild-to-Moderate  Hypotension 

In  cases  of  moderate  hypotension,  the  surgeon  should 
consider  discontinuing  gas  insufflation  immediately  and 
reducing  intra-abdominal  pressure  to  8.0  mm  Hg.  360°  scan 
of  the  abdominal  cavity  should  be  performed  immediately 
to  rule  out  retroperitoneal  bleeding. 

If  bleeding  or  expanding  hematoma  is  seen,  one  should 
proceed  immediately  to  long  midline  laparotomy  and 
compression  of  the  bleeding  vessel.  Blood  should  be 
aspirated,  bleeder  is  exposed  and  bleeding  should  be 
controlled  with  vascular  clamps.  When  necessary,  operator 
should  obtain  assistance  of  a  vascular  surgeon. 

Withdrawal  of  Instruments  and  Ports 

Once  the  surgery  is  finished,  all  the  instrument  should  be 
removed  carefully  under  vision.  All  the  accessory  port  should 
be  removed  and  the  gas  is  removed  by  releasing  the  valve 
of  10  mm  cannulas.  The  primary  port  should  be  taken  out 
in  the  end  (Fig.  6.53). 

If  last  port  is  suddenly  withdrawn  sudden  suction  effect 
of  cannula  can  pull  the  omentum  or  bowel  inside  the  port 
wound,  the  chances  of  port  site  hernia  and  adhesion  is  much 
higher  in  this  case.  It  is  a  good  practice  to  insert  some  blunt 
instrument  or  telescope  inside  the  abdomen  while  removing 
the  last  cannula  out  over  that  instrument,  to  prevent 
inadvertent  entrapment  of  omentum  or  bowel  (Figs  6.54A 
and  B). 

PORT  CLOSURE  TECHNIQUES 

The  access  technique  will  result  in  breach  in  continuity  of 
abdominal  wall  which  need  to  be  repaired  at  the  end  of 


Fig.  6.53:  The  tip  of  telescope  should  be  introduced  in  and  cannula 
is  pulled  over  telescope  to  prevent  suction  of  omentum  or  bowel 


Precaution  should  be  taken  not  to  take  out  port 
suddenly,  without  removing  complete  gas 


Figs  6.54A  and  B:  Adhesion  may  form  if  cannula  is  pulled 
rapidly  at  the  end  of  surgery  P:  Peritonium,  O:  Omentum 


surgery.  All  the  10  mm  or  greater  than  10  mm  port  should 
be  repaired  properly  to  prevent  any  future  possibility  of 
hernia.  The  rectus  sheath  is  only  necessary  to  suture  with 
Vicryl.  Only  one  stitch  is  required  in  middle  which  will  convert 
10  mm  wound  into  5  mm.  The  5  mm  port  wounds  are  not 
necessary  to  repair  (Figs  6.55A  to  D). 

Various  types  of  port  closure  instruments  are  available. 
The  suture  passer  is  a  convenient  instrument  for  port  closure 
it  is  used  to  pass  the  thread  on  the  side  of  cannula  and  then 
it  is  tied  externally  (Figs  6.56A  and  B). 

For  port  closure  specially  designed  port  closure 
instruments  are  also  available  commercially,  like  port  closure 
needle  and  aneurism  needle. 

After  closing  the  rectus  sheath  the  skin  can  be  closed  by 
intradermal,  skin  stapler  or  by  any  of  the  surgical  skin  glues 
available  (Fig.  6.57). 

Gasless  Laparoscopic  Surgery 

Conventional  laparoscopic  surgery  requires  pneumo¬ 
peritoneum  to  elevate  the  abdominal  wall  for  proper 
exposure.  A  continuous  insufflation  of  a  non-combustible 
gas  in  a  sealed  environment  is  essential  part  of  minimal 
access  surgery.  Many  undesirable  physiological  side  effects 
have  been  observed  with  C02  pneumoperitoneum. 
Furthermore,  it  has  been  necessary  to  retrain  surgeons  to 
use  specialized  instruments  in  order  to  operate  on  video 
images.  Abdominal  lifting  mechanical  devices  can  provide 
working  space  without  pneumoperitoneum.  With  gasless 
technique,  conventional  instruments  can  be  used,  direct 
visualization  of  abdominal  viscera  is  possible,  and  digital 
examination  of  abdominal  contents  can  be  performed 
without  the  fear  of  losing  exposure.  Since  these  procedures 
are  being  performed  in  an  isobaric  abdominal  cavity,  the 
risk  of  body  fluid  contamination  to  operating  team  is 
diminished  when  compared  to  open  or  traditional 
laparoscopic  surgery.  Gasless  laparoscopic  surgery  is 


Figs  6.55A  to  D:  Port  closure  with  the  help  of  suture  passer 


Figs  6.56A  and  B:  Port  closure  needle  and  aneurysm  needle 
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Fig.  6.57:  Closure  of  skin  wound  by  skin  stapler 


Fig.  6.58:  Laparolift 


primarily  advocated  for  the  patients  who  are  at  high-risk  of 
pneumoperitoneum.  A  variety  of  abdominal  lift  devices  have 
been  developed  recently  to  provide  good  working  space. 
Although  gasless  laparoscopic  surgery  is  good  for  patient 
with  high  risk  of  pneumoperitoneum,  due  to  intraoperative 
problems  and  complications  and  because  of  suboptimal 
exposure,  gasless  laparoscopic  surgery  is  still  not  considered 
as  the  prime  modality  for  every  patient. 

All  the  gasless  systems  can  be  used  on  their  own  or  with 
low  pressure  insufflation  (4-6  mm  Hg) . 

Three  Basic  Types 

•  Rubber  tube  sling  abdominal  wall  lifts. 

•  Planar  intraperitoneal  abdominal  wall  retraction  lift  devices. 

•  Subcutaneous  abdominal  wall  lift  devices. 

None  of  these  techniques  gives  as  good  a  laparoscopic 
exposure  as  the  pressurized  pneumoperitoneum  because 
they  produce  a  tent-like  elevation  of  the  abdominal  wall 
rather  than  an  elevated  expansion  and  they  do  not  depress 
the  hollow  organs  and  omentum.  Exposure  is  improved 
when  low  pressure  insufflation  is  added. 

Several  devices  for  gasless  laparoscopy  have  been 
developed  recently.  The  Laparolift  (Origin  Med  systems)  is 
commercially  available  device  routinely  used  by  many 
surgeons  and  gynecologist  worldwide  (Figs  6.58  to  6.60). 

It  consists  of  an  adjustable  arm  that  is  attached  to  the 
side  of  the  operating  table  and  sterilely  draped  (Figs  6.61  A 
and  B).  The  surgeon  can  raise  and  lower  it  electronically. 
The  arm  is  connected  to  the  Laparofan,  a  disposable  sterile 
device  with  two  metal  blades  (available  in  10  and  15  cm 
lengths)  that  are  inserted  through  the  umbilical  incision  in 
an  overlapped  position.  After  entering  the  peritoneal  space, 
the  Laparofan  paddles  are  spread.  Using  the  dovetail 


Fig.  6.59:  Laparofan  attached  with  laparolift  after  introduction 
inside  abdominal  cavity 


Fig.  6.60:  Abdolift  (another  variety  of  abdominal  lifting  device) 
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connector,  the  Laparofan  retractor  is  attached  to  the 
Laparolift  arm  and  raised,  creating  a  working  cavity  for 
laparoscopic  surgery.  It  is  intended  to  be  used  as  a  substitute 
for,  or  in  conjunction  with,  pneumoperitoneum  for 
abdominal  wall  retraction.  The  blades  are  then  splayed  out 
and  locked  into  a  V  by  tabs  on  the  plastic  handle,  which  is 
fixed  to  the  end  of  the  adjustable  arm.  The  maximum  lifting 
force  of  13.6  kg  is  equivalent  to  a  pneumoperitoneum 
pressure  of  15  mm  Hg.  The  laparoscope  is  inserted  through 
the  same  incision,  cephalad  to  the  Laparofan. 

The  physiologic  changes  associated  with  C02 
pneumoperitoneum  are  well  tolerated  in  healthy  patients 


but  may  result  in  life-threatening  cardiac  arrhythmia, 
myocardial  infarction,  cardiac  failure,  or  pulmonary 
insufficiency  in  compromised  patients  who  cannot 
compensate  for  these  alterations  in  hemodynamic 
(Table  6.1).  A  gasless  laparoscopic  approach  could  provide 
an  added  margin  of  safety  for  these  patients.  Patients 
undergoing  laparoscopic  surgery  for  malignancy  or 
laparoscopically  assisted  vaginal  hysterectomy  may  also 
benefit  from  gasless  laparoscopy.  Another  potential 
advantage  of  gasless  laparoscopy  is  the  ability  to  use 
continuous  suction  and  conventional  laparotomy 
instruments  (Figs  6.62  and  6.63). 


Figs  6.61  A  and  B:  Abdolift  lifting  the  abdominal  cavity 


Figs  6.62A  and  B:  Use  of  open  surgical  instrument  in  gasless  laparoscopic  surgery 
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Disadvantages  of  Gasiess  Laparoscopic  Surgery 

•  Marked  guttering  effect  of  lateral  abdominal  wall  result 
after  lifting  anterior  abdominal  wall. 

Table  6.1:  Problems  due  to  pneumoperitoneum 

•  Hypothermia 

•  Cardiac  arrhythmia 

•  Cardiovascular  collapse 

•  Pulmonary  insufficiency 

•  Gas  embolism 

•  Venous  thrombosis 

•  Cerebral  edema/ischemia 

•  Ocular  hypertension 

•  Extraperitoneal  insufflation  (subcutaneous  emphysema, 
pneumomediastinum) 


•  Anterior  abdominal  adhesion  can  make  insertion  of  these 
mechanical  devise  difficult  and  visualization  almost 
impossible. 

•  It  is  a  space  occupying  as  instrument  takes  all  the 
ergonomically  good  space  of  port  position. 

•  It  only  elevates  anterior  abdominal  wall  whereas  gas 
creates  workable  space  in  whole  abdominal  cavity. 

•  Sometime  causes  pressure  necrosis  of  superior  or  inferior 
epigastric  vessels. 

•  Bigger  incision  is  required  in  the  umbilicus. 

•  Difficult  to  perform  in  presence  of  ileus. 

•  Difficult  peritoneal  toileting  at  remote  places. 

Studies  to  date  have  demonstrated  that  surgical 

procedures  with  gasless  laparoscopy  are  technically  more 

difficult  than  those  performed  with  adequate 

pneumoperitoneum  owing  to  impaired  visualization  from 


Figs  6.63A  to  C:  Use  of  open  needle  holder  and  suturing  technique  in  gasless  laparoscopic 
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bowel  in  the  pelvis.  As  with  any  new  laparoscopic  device, 
the  initial  enthusiasm  over  gasless  laparoscopy  has  been 
tempered  by  actual  clinical  experience.  However,  because 
gasless  laparoscopy  still  promises  significant  advantages  over 
C02  pneumoperitoneum  in  high-risk  patient,  it  is  anticipated 
that  interest  in  this  technique  will  continue  with 
improvements  that  will  eliminate  the  current  limitations  to 
its  use. 
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Chapter 


Principle  of 

Laparoscopic  Port  Position 


The  relative  position  of  the  instrument  ports  is  very  important 
in  the  performance  of  surgical  procedures  endoscopically. 
The  angle  the  instruments  make  with  the  operative  site  and 
to  each  other  should  mimic,  as  far  as  possible  to  the  natural 
relationship  of  the  hands  and  eyes  during  conventional 
surgery.  It  is  proved  that  the  most  common  cause  of  stressful 
minimal  access  surgery  is  wrong  port  position.  Ninty-five 
percent  of  surgeon  and  gynecologists  use  umbilicus  as 
primary  port  but  at  the  time  of  inserting  secondary  port  there 
is  controversy  among  operator  and  they  lack  the  principles 
behind  secondary  port  position. 

PRIMARY  PORT  POSITION 

The  central  location  and  ability  of  the  umbilicus  to 
camouflage  scars  makes  it  an  attractive  primary  port  site  for 
laparoscopic  surgery.  There  are  many  drawbacks  with 
umbilicus  as  well.  Umbilicus  is  a  naturally  weak  area  due  to 
absence  of  all  the  layers.  Weakness  is  also  due  its  location 
at  the  midpoint  of  the  abdomen’s  greatest  diameter. 

It  is  easy  to  believe  that  there  is  a  difference  between  the 
umbilicus  and  other  trocar  sites  in  both  susceptibility  to 
infection  and  postoperative  incisional  herniation. 

The  study  showed  that  the  increased  infection  rate  at 
the  umbilicus  seems  to  be  related  to  retrieval  of  infected 
organs  through  the  umbilicus  and  not  to  the  umbilicus  itself. 
When  umbilicus  was  used  to  retrieve  gallbladder  after 
cholecystectomy  the  rate  of  infection  was  high  due  to  port 
contamination  with  infected  gallbladder.  Excluding 
cholecystectomy,  the  umbilical  infection  rate  was  two 
percent,  similar  to  that  of  any  alternative  site.  The 
postoperative  ventral  hernia  rate  was  at  0.8  percent,  the 
same  at  the  umbilicus  as  elsewhere  if  the  port  more  than  10 
mm  size  is  not  repaired.  It  is  now  proved  that  the  wound 
infection  at  the  umbilicus  is  similar  to  that  at  other  sites; 
postoperative  ventral  hernia  at  the  umbilicus  is  similar  to 


that  at  other  sites  and  most  of  the  infection  after  laparoscopic 
cholecystectomy  is  due  to  the  contamination  of  wound  due 
to  infected  gallbladder. 

SECONDARY  PORT  POSITION 

The  obligatory  passage  of  the  laparoscopic  instruments 
through  the  abdominal  wall  generates  a  fixed  point  after  which 
all  movements  are  reversed.  For  instance,  when  the  hand 
moves  to  the  left,  the  end  of  the  instruments  moves  right,  and 
when  the  hand  moves  downwards,  the  end  of  the  instrument 
moves  upwards.  For  some  surgeon’s  the  fulcrum  effect  is  not 
a  problem,  but  for  others  it  is  an  insurmountable  obstacle  to 
the  performance  of  advanced  laparoscopy. 

Because  the  handling  of  laparoscopic  instruments  is 
through  the  fixed  point  at  abdominal  wall,  the  force  feedback 
felt  by  the  surgeon  will  depend  on  the  length  of  the 
instrument  inferior  to  this  fixed  point. 

Baseball  Diamond  Concept  of  Port  Position 

A  satisfactory  relationship  includes  (Fig.  7.1): 

•  An  angle  of  60°  between  the  two  instrument  tips 

•  Tangential  approach  to  the  site 

•  Appropriate  working  distance 

FIRST  DECIDE  THE  TARGET 

Target  may  be  in  suprapubic  region  for  LAVH,  right  iliac 
fossa  for  appendicectomy,  right  upper  quadrant  for 
laparoscopic  cholecystectomy  or  left  upper  quadrant  for 
fundoplication  (Fig.  7.2). 

Draw  the  Line  of  Optimum  Area 

For  optimum  task  performance,  half  to  two-third  instrument 
should  be  inside  the  abdomen.  The  size  of  adult  laparoscopic 
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Fig.  7.1  :  Baseball  diamond  concept  of  port  position 


Fig.  7.2  :  First  decide  the  target 


instrument  is  36  cm  and  pediatrics  instrument  is  28  cm  (Figs 
7.3  and  7.4). 


Fig.  7.3  :  Draw  two  arcs  on  the  abdominal  wall  at  18  and 
24  cm  from  that  point  and  note  area  in  between 


Fig.  7.4  :  Measure  the  length  of  instrument 


Telescope  and  Instruments 

•  Telescope  should  be  in  the  middle  of  working  instrument 
(Fig.  7.5) 

•  Manipulation  angle  of  instruments  should  be  60  degrees 
(Fig.  7.6). 

Rule  of  Diamond  for  LAVH 

These  factors  combined  with  the  specific  anatomy  will 
determine  individual  port  sites.  For  standard  operations  like 
cholecystectomy,  standard  port  sites  related  to  surface 


marking  may  suffice  but  as  more  advanced  or  varied 
situations  are  tackled  we  recommend  that  you  master  the 
skill  of  individual  port  placement  using  the  internal  view.  In 
general,  the  optic  and  the  two  main  operating  ports  usually 
lie  at  the  points  of  a  flattened  triangle,  the  optic  being  centrally 
and  more  distally  placed.  Try  to  keep  ports  at  least  5  cm 
apart  (Figs  7.7  and  7.8). 

Manipulation  angle  60°  is  essential  for  optimum  task 
performance  in  laparoscopic  surgery  (Figs  7.6  and  7.9). 
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Fig.  7.5:  Telescope  should  be  in  the  center  of  working  instrument 


Fig.  7.8  :  Port  position  in  thoracoscopic  surgery 


Fig.  7.6:  Manipulation  angle  60°  is  angle  between  tips  of  instrument 


Fig.  7.9:  Manipulation  angle  of  60°  is  ideal 


PORT  POSITION  IN  VARIOUS  SURGERIES 

See  Figures  7.10  to  7.14. 

DRAWBACKS  OF  INCORRECT  PORT  POSITION 

Swording 

Swording  occurs  when  the  telescope  or  the  shaft  of  the 
assistant’s  instrument  obstruct  the  operator’s  instruments.  If 
this  occurs  you  may  need  to  consider: 

•  Repositioning  retracting  instruments 

•  Rotation  of  an  angled  telescope  allowing  alteration  of 
the  position  of  the  end  of  the  telescope 

•  Withdrawal  of  the  telescope 

•  Transposition  of  the  operator’s  instruments 
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Fig.  7.10:  Port  position  for  diagnostic  laparoscopy 


Epigastric  port  should 
be  left  to  falciform  if 
30th  telescope  is  used 

2nd  instrument  port 

3rd  instrument  port 

Port  for  camera 


Fig.  7.11:  Port  position  for  cholecystectomy 


Epigastric  port 
should  be  midllne 
if  zero  degree 
telescope  is  used 

2nd  instrument  port 


3rd  instrument  port 


Port  for  camera 


Fig.  7.12:  Alternative  port  position  for  cholecystectomy 


Instrument  port 

Port  for  camera 

Port  position  for 
appendectomy 


Fig.  7  .13:  Port  position  for  appendectomy 


Right  Instrument 
port 


Left  instrument 
port 

Port  for  camera 


Fig.  7.14:  Position  for  bilateral  hernia,  LAVH  and  most  of  the 
gynecological  procedures 


•  Additional  port  placement 

•  Changing  the  instruments  to  a  different  port. 
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Chapter 


Laparoscopic  Dissection  Techniques 


Dissection  is  defined  as  the  separation  of  tissues  with 
hemostasis.  It  consists  of  a  sensory  visual  and  tactile 
component,  an  access  component  involving  tissue 
manipulation  and  instrument  maneuverability.  These  are 
combined  to  achieve  exposure,  i.e.  developing  a  suitable 
space  for  seeing  and  handling  target  structures. 

Precision  and  meticulous  hemostasis  is  essential 
requirement  in  minimal  access  surgery.  Endoscopic  dissection, 
in  contrast  to  dissection  in  conventional  surgery,  possesses 
several  limitations.  Three-dimensional  direct  visions  are 
replaced  by  two-dimensional  indirect  visions  in  laparoscopic 
surgery.  Illumination  and  the  video  image  quality  are  still 
limited  despite  recent  advances  in  video  systems  such  as 
digitization  and  three-chip  endocamera.  Movement  of  the 
functional  tip  of  laparoscopic  instruments  is  restricted  along 
with  the  kinematics  response.  The  loss  of  tactile  sensation  in 
endoscopic  surgery  is  yet  another  limiting  factor. 

Endoscopic  dissection  and  manipulation  of  tissue  within 
a  confined  space  requires  a  two  handed  approach,  assisting 
and  dissecting  both  task  is  performed  by  surgeon  himself.  A 
passive  assisting  instrument  (usually  a  grasper)  provides 
counter  traction  and  exposure  for  the  active  dissecting 
instrument.  The  active  instrument  may  be  nonenergized  (e.g. 
scissors  and  scalpel)  or  energized  with  electricity  (diathermy), 
ultrasound  or  light  energy. 

TYPES  OF  LAPAROSCOPIC  DISSECTION 

A  variety  of  mechanisms  have  been  used  to  divide  tissue 
and  enable  hemostasis.  They  all  involve  some  form  of 
physical  energy  being  applied  to  the  appropriate  tissue.  The 
amount  of  energy  required  for  dissection  depends  on  the 
type  and  constituency  of  the  tissue.  The  properties  of  tissues 
may  vary  in  different  directions  and  for  different  disease 
states.  This  in  totality  influences  the  choice  of  the  modality 
for  dissection. 


The  ideal  dissection  technique  requires  a  modality  that 
can  accomplish  meticulous  hemostasis  and  will  be  tissue 
selective  without  causing  inadvertent  tissue  damage.  It 
must  be  safe  for  both  patient  and  surgical  team  when  in 
regular  use  and  when  inactive  in  storage.  In  this  respect 
built-in  safety  measures  are  mandatory.  An  ideal  dissecting 
modality  should  be  efficient  in  both  power  delivery  and  in 
space  requirement.  The  modality  must  be  cost-effective 
also.  The  initial  expenditure  needed  to  acquire  and  set¬ 
up  the  necessary  equipment  must  be  taken  into  account 
along  with  subsequent  operational  and  maintenance 
costs. 

In  reality,  there  is  no  single  “ideal”  dissecting  modality 
for  entire  minimal  access  surgical  procedures.  In  actual 
practice,  a  combination  of  energy  forms  is  applied  with 
selection  of  the  most  appropriate  one  at  each  particular 
phase  or  type  of  the  operation. 

The  available  modalities  for  dissection  in  minimal  access 
surgery  include: 

•  Blunt  dissection 

•  Sharp  scalpel  and  scissors  dissection 

•  High  frequency  radiowave  electrosurgery 

•  Radiofrequency  ablation 

•  Ultrasonic  dissection 

•  High  velocity  and  high  pressure  water-jet  dissection 

•  Laser  surgery. 

BLUNT  DISSECTION 

Instrument  Used 

•  Closed  scissors  tips  used  as  blunt  dissector 

•  Scissor  points  used  to  separate  by  spreading  the  jaw 

•  Grasper,  straight  and  curved 

•  Inactive  suction  cannula 

•  Heel  of  inactive  electrosurgery  (hook  or  spatula) 

•  Pledget. 
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Methods 

•  Distraction 

•  Separation 

•  Teasing 

•  Wiping. 

Pledget  Dissection 

Endoscopic  pledget  dissection  was  first  introduced  in 
University  of  Dundee  in  1987.  A  special  endoscopic  pledget 
or  peanut  swab  5.0  mm  ratcheted  holder,  manufactured  by 
Storz  (with  strong  jaws  and  inward  facing  tongs  at  the  end 
of  the  jaws  for  security),  is  used  in  a  manner  similar  to  that 
employed  in  open  surgery.  The  holder  grasping  the  pledget 
is  introduced  inside  a  reducer  tube  through  a  11.0  mm 
cannula.  The  blunt  dissection  is  safe  and  is  used  to  open 
planes  and  expose  structures  especially  when  the  anatomy 
is  obscured  by  adhesions.  The  movement  consists  of  forward 
and  backward  wipes  accompanied  by  clockwise/ 
counterclockwise  rotation  of  the  pledget  swab.  It  is  also  useful 
for  controlled  small  bleeder  by  compressions  before  this  is 
secured  by  clipping  or  electrocoagulation.  The  pledget  swab 
is  particularly  useful  for  blunt  dissection  in  Calot’s  triangle 
during  cholecystectomy.  It  is  economical,  simple  to  use  and 
maintains  a  dry  operative  field  while  performing  dissection. 
This  type  of  dissecting  modality  is  also  utilized  in 
hemostatically  separating  gallbladder  from  its  bed,  bladder 
from  the  uterus  or  the  rectum  from  the  sacral  attachment 
(Fig.  8.1). 

Removal  of  pledget  must  be  carried  out  under  vision, 
to  ensure  that  the  swab  is  inside  the  reducer  tube  before 
withdrawal  of  the  instrument,  otherwise  there  is  a  real 


risk  of  losing  the  small  pledget  swab  in  the  peritoneal 
cavity. 

The  pledget  is  an  invaluable  tool  for  the  rapid  dissection 
of  loose  areolar  planes  when  it  is  wiped  or  pushed  against 
the  line  of  cleavage  to  separate  the  tissues. 

Pledget  is  useful  in  maneuvers  to  control  minor 
hemorrhage.  The  pledget  can  be  placed  over  the  bleeding 
point  to  apply  pressure.  When  used  on  an  oozing  operative 
field,  it  adsorbs  some  of  the  blood  and  may  clarify  the 
anatomical  position. 

It  is  important  to  follow  routine  practice,  to  minimize 
loss  of  the  peanut  swab  inside  the  abdomen: 

•  Always  use  a  reducer  tube  to  insert  and  remove  the  swab. 

•  Employ  a  safe  system  (ratchet  and  elastic  band)  to 
maintain  the  grip  of  instrument  used  for  insertion. 

•  Keep  the  pledget  in  view  from  insertion  to  retraction  into 
the  introducer  tube.  Be  sure,  it  is  retrieved  into  the 
introducer,  not  the  cannular  end. 

Tissue  Stripping  and  Tissue  Distraction 

These  are  other  safe  and  effective  forms  of  blunt  dissection. 
The  later  is  applied  for  seromyotomy.  Insignificant 
hemostatic  capability  is  the  main  disadvantage  of  blunt 
dissection  (Fig.  8.2). 

SHARP  DISSECTION 

Sharp  scalpel  is  used  mainly  for  division  by  cutting.  Although 
inexpensive,  its  use  is  restricted  in  laparoscopic  surgery.  The 
lack  of  hemostasis,  the  potential  of  injury  from  the  tip  when 
inserting  through  the  port  and  the  kinematics  problems 
restricts  its  use  to  common  bile  duct  division. 


Fig.  8.1:  Pledget  dissection 


Fig.  8.2  :  Tissue  stripping  and  dissection 
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SCISSORS  DISSECTION 

It  is  one  of  the  most  frequent  methods  in  laparoscopic 
surgery.  It  offers  the  benefits  of  being  cheap,  safe  and 
precise  operator  determined  action.  However,  being 
nonhemostasis  renders  it  far  from  ideal  as  a  dissecting 
modality  (Fig.  8.3). 

Electrosurgical  Dissection 

Electrosurgery  is  the  most  convenient  way  of  dissection  in 
minimal  access  surgery  combined  with  most  risky  method 
of  dissection.  Most  of  the  complication  in  laparoscopic 
surgery  is  due  to  use  of  energized  instrument  (1%) 
(Fig.  8.4). 


Fig.  8.3  :  Scissor  Dissection 


Fig.  8.4:  High  frequency  electrosurgical  generator 


Before  understanding  the  principle  of  electrosurgery 
following  definitions  should  be  known. 

•  Current  =  Flow  of  electrons 

•  Circuit  =  Pathway  for  flow  of  electrons 

•  Voltage  =  Force  that  causes  electron  to  flow 

•  Resistance  =  Obstacle  to  the  flow  of  electron. 

There  are  two  basic  principles  of  electricity: 

1.  Electrical  current  ultimately  flows  to  ground 

2.  It  always  follows  the  path  of  least  resistance. 

HIGH  FREQUENCY  ELECTROSURGICAL 
DISSECTION 

Our  household  appliances  have  the  50  to  60  Hz  frequency. 
This  frequency  is  beneficial  because  if  faulty  instrument  has 
current  and  inadvertently  someone  touches,  then  he  will  be 
thrown  away  and  the  person  getting  shock  will  be  safe.  If 
the  frequency  is  more  than  100  kHz,  muscle  and  nerve 
stimulation  ceases,  whereas,  all  other  property  of  electric 
current  is  still  there.  High  frequency  electrosurgery  is  the 
application  of  high  frequency  (HF)  currents  (in  the  frequency 
range  of  300  kHz  up  to  several  MHz)  to  coagulate,  fulgurate, 
spray  coagulates  or  ablates  tissue.  Knowledge  of  how  this 
and  other  physical  modes  interact  with  biological  materials 
is  becoming  increasingly  important  to  the  surgeon  for  safe 
and  consistent  surgery  (Fig.  8.5). 

•  Standard  electrical  current  alternates  at  a  frequency  of 
50  cycles  per  second  (Hz). 

•  Nerve  and  muscle  stimulation  cease  at  100,000  cycles/ 
second  (100  kHz). 

•  Electrosurgery  can  be  performed  safely  at  frequencies 
above  100  kHz. 

HF  Monopolar  Electrosurgery 

The  monopolar  circuit  is  composed  of  the  generator,  active 
electrode,  patient,  and  patient  return  electrode.  The  patient's 
tissue  provides  the  resistance,  producing  heat  (Fig.  8.6). 

Monopolar  diathermy  is  used  in  endoscopic  surgery  for 
coagulation  and  for  dissection  (cutting).  During  monopolar 
diathermy,  current  is  conducted  from  the  instrument  through 
the  tissues  to  a  skin  pad  (neutral  electrode)  connected  back 
to  the  generator.  Heating  occurs  at  site  of  small  cross  section 
and  low  electrical  conductivity.  A  high  current  density  occurs 
in  the  tissue  in  immediate  contact  with  the  instrument  and 
heat  is  generated. 

Burn  =  Intensity  of  current  x  Time/area 

Burn  is  directly  proportional  to  the  intensity  of  current. 
Intensity  of  current  can  be  adjusted  by  the  knob  provided  in 
the  generator's  control  panel.  If  the  intensity  setting  is  more 
the  burn  will  be  more.  Intensity  actually  denotes  ampere  or 
number  of  electrons  that  flows  through  the  pathway. 
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Fig.  8.5:  Frequency  range  of  electrosurgery 


Fig.  8.6  :  Circuit  of  monopolar  current 


Burn  is  also  directly  proportional  to  time.  Time  is  paddle 
application  time.  Surgeon  should  always  keep  in  mind  that 
continuous  activation  of  paddle  can  result  in  many 
complications.  Intermittent  activation  is  always  better  than 
continuous  activation  (Figs  8.7  and  8.8). 

Burn  is  inversely  proportional  to  area.  One  of  the  major 
problem  in  electrosurgery  is  patient  will  get  burn  at  the  site 
where  area  is  narrowest.  This  may  cause  remote  injury  with 
the  use  of  monopolar  diathermy.  The  surgeon  should  hold 
the  tissue  with  the  point  of  instrument  to  catch  the  minimum 
amount  of  tissue  at  one  time.  If  a  bunch  of  tissue  is  caught 
there  is  always  fear  of  remote  injury. 

Patient  Return  Electrodes 

Silicon  and  metal  patient  return  plates  are  available.  The 
silicon  is  better  because  it  does  not  have  any  sharp  edge 


Fig.  8.7  :  Remote  injury 


Fig.  8.8  :  Remote  injury  with  electrocautery  device 


and  the  resistance  is  less  (Fig.  8.9).  Patient  return  electrode 
is  required  only  in  unipolar  electrosurgery  because  the 
patients  body  is  a  part  of  circuit  and  the  patient  return  plate 
will  take  the  current  back  to  the  generator.  If  the  patient 
return  plate  is  not  attached  properly  to  the  body  of  the 
patient,  or  the  size  of  the  patient  return  plate  is  very  small, 
patient  can  get  electric  burn  at  the  point  of  attachment  of 
this  patient  return  plate.  Ideally  the  size  of  patient  return 
plate  should  not  be  less  than  100  cm2. 

At  the  time  of  location  of  patient  return  plate  attachment 
surgeon  should  keep  in  mind  the  following  points  (Fig.  8.10). 
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Choose 

Well  vascularized  muscle  mass  to  have  more  area  of  contact. 

Avoid 

•  Vascular  insufficiency  should  be  avoided  because  of  high 
resistant 

•  Irregular  body  contours  can  prevent  plate  to  be  in  firm  contact 

•  Bony  prominences  will  not  allow  the  surrounding  skin 
to  be  in  contact. 

Consider 

•  Plate  should  be  nearer  to  incision  site 

•  Plate  should  be  placed  according  to  patients  position  so 
should  not  be  displaced 


•  Plate  should  be  away  from  other  equipments  like  cardiac 
monitor. 

The  effect  of  HF  current  on  the  tissues  depends  on: 

•  Temperature  generated. 

•  Shape  and  dimensions  of  the  contact  point  (broader 
damage  with  broader  contact) 

•  Time  of  activation  (short  bursts  reduce  depth  and 
charring) 

•  Distance  from  the  electrode  (Fig.  8.11) 

•  Conductivity  of  the  tissue  (bleeding  results  in  a  change 
in  conductivity) 

•  Power  output  from  the  generator  (voltage) 

•  Amplitude  and  current  wave  form  time  curve  of  the  signal 
(cutting  or  coagulating  settings). 

Bipolar  Diathermy 

A  bipolar  system  is  inherently  safer  as  the  interaction  is 
restricted  to  the  immediate  vicinity  of  contact  and  the  current 
does  not  pass  through  the  patient  but  instead  returns  to  the 
generator  via  the  receiving  pole  after  passage  through  the 
grasped  tissue  (Fig.  8.12). 

Bipolar  Electrosurgery 

•  Active  output  and  patient  return  functions  are  both  are 
at  the  site  of  surgery. 

•  Current  path  is  confined  to  tissue  grasped  between 
forceps  (Fig.  8.13). 

•  Return  electrode  should  not  be  applied  for  bipolar 
procedures. 


Fig.  8.10:  Patient  return  plate 


Fig.  8.1 1 :  Effect  of  cutting  current 
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Fig.  8.12:  Circuit  of  bipolar  current 


Fig.  8.13:  Bipolar  forcep  used  in  LAVH 


Tripolar  Electrosurgery 

Bipolar  probes  are  now  available  for  coagulation  as  well  as 
for  cutting.  The  cutting  system  is  not  strictly  bipolar  and  is 
hence  referred  to  as  tripolar  (Fig.  8.14). 

It  has  four  functions  in  one  and  the  same  instrument 
namely: 

1 .  Dissecting 

2.  Grasping 

3.  Bipolar  coagulation 

4.  Bipolar  cut. 

USE  OF  THE  DIATHERMY  HOOK 

These  are  generally  L  or  open  C  shaped,  blunt  ended  rods 
mounted  on  an  insulated  handle.  The  active,  non-insulated 
part  is  limited  in  size.  The  hook  is  a  delicate  instrument  and 


should  be  protected  during  insertion  by  manual  opening  of 
the  cannula  valve  or  use  of  a  reducing  tube.  As  electrosurgery 
generates  smoke  (which  is  harmful),  many  handles  of 
electrosurgical  hooks  have  a  suction  attachment  at  the  other 
end  of  the  handle. 

Electrosurgical  Hooks  (Fig.  8.15) 

Electrosurgical  instruments  like  the  hook  are  useful  as  blunt 
dissectors  prior  to  activation.  They  are  used  to  isolate  the 
tissue  to  be  divided  by  the  current.  The  tip  is  passed  into  or 
under  a  layer  of  the  tissue  being  dissected,  which  is  then 
hooked  and  tented  up  (to  increase  its  impedance  and  thus 


Fig.  8.14:  Tripolar  device 


Fig.  8.15:  Different  types  of  hook 
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limit  the  spread  of  current  when  applied).  Small  portions  of 
tissue  are  tackled  so  that  an  assessment  of  the  tissue  caught 
on  the  hook  can  be  made  before  coagulation  or  cutting 
current  is  applied  to  the  instrument.  The  hook  can  be  used 
to  clear  unwanted  tissue  beside  linear  structures  by  passing 
the  hook  into  the  tissues  parallel  to  the  structure,  and  then 
rotating  it  to  hook  up  strands  of  unwanted  tissue.  The  tissue 
to  be  divided  is  held  away  from  underlying  tissue  to  prevent 
inadvertent  damage.  Short  bursts  of  coagulating  current  can 
be  followed  by  the  use  of  cutting  current,  if  the  tissue  has 
not  already  separated.  The  use  of  the  hook  can  be 
summarized  as  “hook,  look,  cook”. 

The  hook  or  the  spatula  may  be  used  to  mark  out  and 
coagulate  a  line  for  division.  The  heel  of  the  hook  is  used 
with  the  HF  current  set  to  soft  coagulation.  Short  bursts  are 
applied  and  the  hook  moved  along  to  create  a  “dotted”  line 
of  coagulated  tissue.  When  deeper  penetration  is  desired, 
the  hook  is  appropriate  instrument.  This  type  of  contact  is 
best  reserved  for  situation  where  no  significant  damage  can 
be  caused  by  current  penetration  (Fig.  8.16). 

Monopolar  electrosurgery  has  become  the  most  widely 
used  cutting  and  coagulating  technique  in  minimal  access 
surgery.  It  has  proven  to  be  versatile,  cost-effective  and 
demonstrated  superior  efficacy  for  coagulation.  By  varying 
the  voltage,  current  or  waveform,  tissue  can  be  cut  cleanly 
(pure  cut);  coagulated  to  achieve  hemostasis  (coag  mode) 
or  a  “blend  cut”  that  combines  these  two  functions  can  also 
be  produced.  Finally,  a  dispersed  coagulation  mode  known 
as  fulguration,  allows  coagulation  of  diffuse  bleeding  (Fig. 
8.17). 

Cutting  current  is  low  voltage  high  frequency  current. 
Due  to  high  frequency,  the  ions  inside  the  cell  get  turbulence 
and  cells  brust  (explode  or  evaporize).  Cutting  current  can 


be  obtained  by  pressing  the  yellow  paddle  of  electrosurgical 
generator.  To  cut  any  structure  it  is  important  that  surgeon 
should  apply  the  sharp  tip  of  electrosurgical  instrument  and 
the  tissue  should  not  be  held  firmly.  At  the  time  of  cutting  it 
is  wise  that  tissue  should  be  under  tension.  Ideally  direct 
touch  with  the  tissue  should  be  avoided  in  case  of  cutting 
current.  It  should  be  spark  wave  from  some  distance  (Fig. 
8.18). 

Electrosurgical  coagulation  is  achieved  by  high  voltage 
low  frequency  current.  This  low  frequency  is  not  sufficient 
to  cause  the  explosion  of  cell  but  heat  inside  the  cell  is 
increased.  Due  to  increased  intracellular  temperature,  the 
protein  inside  the  cell  coagulates  and  shrinks.  Shrinkage  of 
protein  will  cause  constriction  in  the  lumen  of  bleeding 
vessels  and  the  vessels  are  sealed.  Permanency  of  coagulated 
tissue  and  its  sealing  effect  depends  upon  melted  collagen. 
At  the  time  of  electrosurgical  monopolar  coagulation  the 
temperature  of  tissue  cause  the  collagen  to  melt.  These 
melted  collagens  solidify  again  once  the  active  instrument 
is  off  from  the  tissue.  It  is  important  to  remember  that  if  the 
tissue  is  burnt  more  than  required,  the  melted  collagen  burns, 
turns  into  charcoal  and  the  sealing  strength  of  the  lumen  of 
any  vessel  will  decrease.  Surgeons  and  gynecologists  should 
always  try  to  avoid  overcooking  of  the  tissue. 

Electrosurgical  coagulation  is  of  two  types: 

Fulguration 

Fulguration  is  coagulation  current  from  some  distance.  It  is 
also  known  as  spray  mode.  At  the  time  of  fulguration  lateral 
spread  of  energy  is  more  than  depth.  We  want  to  use 
fulguration  everywhere,  where  superficial  burn  is  required 
and  deeper  injury  may  cause  damage  of  underlying 


Fig.  8.16:  Depth  of  desiccation  is  proportional  to  paddle  application  time 
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Fig.  8.17:  Different  types  of  electrosurgery 


Fig.  8.18:  Figuration 


structure.  The  example  of  good  use  fulguration  is  ablation 
in  cases  of  endometriosis,  fulguration  of  gallbladder  bed  at 
the  time  of  cholecystectomy,  if  there  is  generalized  oozing 
from  liver.  Direct  touch  with  tissue  should  be  avoided  to 
achieve  maximum  effect.  Fulguration  is  coagulation  current 
from  some  distance. 

Desiccation 

Electrosurgical  desiccation  occurs  when  the  electrode  is  in 
direct  contact  with  the  tissue.  Most  of  the  time  with  the 
unipolar  or  bipolar  electrosurgery  we  do  desiccation  only. 
The  tissue  damage  in  depth  and  width  is  same  in  desiccation. 
The  extent  of  collateral  damage  in  desiccation  is  more 
compared  to  cutting  current.  The  extent  of  collateral  damage 
of  desiccation  can  be  minimized  by  minimizing  the  paddle 
application  time  (Figs  8.19  and  8.20). 


Fig.  8.20:  Desiccation  with  less  collateral  damage 


However,  monopolar  laparoscopic  electrosurgery  can 
compromise  patient  safety  under  certain  circumstances. 
Thermal  injury  to  nontargeted  internal  organs  may  occur 
firstly,  as  a  result  of  imprecise  mechanical  operation  of  a 
laparoscopic  instrument  and  secondly,  through  diversion 
of  electrical  current  to  other  paths.  These  stray  current  may 
be  released  either  through  insulation  failure,  direct  coupling 
or  capacitive  coupling.  Other  problems  encountered  include 
effect  on  pacemakers;  return  electrode  burns,  toxic  smoke, 
charring  of  instruments  and  minimal  control  of  energy 
delivery  (Fig.  8.21). 


Fig.  8.19:  Desiccation  with  more  collateral  damage 
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Bipolar  electrodes  design  although  virtually  eliminating 
complication  from  insulation  failure,  capacitive  coupling  and 
direct  coupling  (Figs  8.22  to  8.25). 

The  primary  electrothermal  tissue  effect  is  limited  to 
desiccation,  not  cutting.  It  requires  slightly  more  time  than 
monopolar  coagulation  because  of  lower  power  settings  and 
bipolar  generator  output  characteristics. 

It  is  not  an  effective  method  of  making  a  “pure  cut” . 

•  Hemostasis  over  a  large  area  is  not  possible 

•  Grasping  dense  tissue  between  both  the  active  and  return 
electrodes  is  difficult. 


Fig.  8.25:  Burn  due  to  capacitive  coupling 


Fig.  8.21:  Overshooting  should  be  avoided 


Fig.  8.22:  Direct  coupling 


Fig.  8.23:  Direct  coupling 


Fig.  8.24:  Capacitive  coupling 
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Safety  During  Electrosurgery 

Laparoscopic  dissection  requires  more  extensive  dissection 
and  thus  meticulous  hemostasis  becomes  particularly 
important.  Any  loss  of  view  will  result  in  loss  of  control  and 
hence  decreased  safety.  Hemorrhage,  even  to  a  minor 
extent,  tends  to  obscure  their  operative  field  and  is  to  be 
avoided.  This  means  that  vessels  of  a  size  that  in  open 
surgery  could  be  divided  without  particular  attention  need 
to  be  secured  prior  to  division  when  working  endoscopically. 
Dissection  must  be  more  meticulous  to  proceed  smoothly 
to  avoid  any  unacknowledged  injury. 

The  magnification  produced  by  the  endoscope  may 
initially  confuse  the  surgeon  as  to  the  extent  of  electrical 
injury.  However,  an  inexperienced  endoscopic  surgeon  is 
well  advised  to  convert  should  he  have  any  doubt  about  his 
ability  to  control  the  situation  expeditiously. 

Safety  Considerations  in  MAS 

The  potential  for  accidental  damage  with  electrosurgery  must 
always  be  borne  in  mind  at  the  time  of  minimal  access 
surgery.  Following  are  the  most  commonly  encountered 
problems  specific  to  the  minimal  access  surgery. 

•  Overshooting 

•  Overcooking 

•  Direct  coupling 

•  Capacitive  coupling 

•  Insulation  failure. 

Overshooting 

Overshooting  means  the  tip  of  energized  instrument  going 
beyond  the  field  of  vision  during  electrosurgery. 
Overshooting  is  one  of  the  common  mistakes  done  by 
beginners.  Surgeon  should  be  careful  that  if  they  are  cutting 
any  structure  they  should  apply  less  force  otherwise  their 
instrument  will  overshoot  once  the  structure  is  cut  and  the 
energized  instrument  can  heat  any  nearby  viscera  leading 
to  perforation. 

During  initial  learning  phase  of  laparoscopy  the  trainer 
surgeon  should  keep  hold  on  the  hand  of  trainee  at  the 
time  of  electrosurgery  to  prevent  any  inadvertent  injury  by 
overshooting.  At  the  time  of  laparoscopic  cholecystectomy, 
if  hook  overshoots  it  may  hit  diaphragm  or  duodenum.  If 
overshooting  is  not  under  the  control  of  surgeon  he  should 
try  to  keep  the  tip  of  hook  towards  the  anterior  abdominal 
wall  so  that  only  peritoneum  will  be  injured. 

Overcooking 

Proper  hemostasis  requires  optimum  application  of  energy 
over  the  tissue.  Due  to  visual  limitations  and  fear  of 
impending  bleeding,  laparoscopic  surgeons  have  a  tendency 


of  overcooking.  It  is  important  to  remember  that  instead  of 
more  secure  coagulation  overcooking  can  create  rebleeding. 
To  understand  the  effect  of  overcooking  it  is  important  to 
know  physiology  of  tissue  sealing. 

Coagulation  current  is  high  voltage  low  frequency 
current.  At  this  current,  the  ions  inside  the  cell  will  move  but 
it  can  not  explode.  Due  to  increase  in  intracellular  heat,  the 
protein  inside  the  cell  will  be  denatured,  coagulated  and 
shrink.  Due  to  shrinkage  of  tissue  the  lumen  of  small  bleeder 
obliterates  and  bleeding  stops.  At  the  same  time  due  to  heat, 
the  collagen  of  tissue  melts  and  once  the  paddle  of 
electrosurgical  generator  is  off  the  melted  collagen  will  cool 
down  and  solidify. 

Overcooking  results  in  charring  of  melted  collagen  and 
the  sealing  strength  of  tissue  is  decreased.  It  could  be 
understood  just  by  the  example  of  sealing  of  polythene  over 
a  flame  of  candle.  If  you  want  to  seal  the  polythene  bag  but 
applying  more  temperature  on  polythene  by  putting  it  over 
direct  flame,  instead  of  getting  sealed  the  polythene  will  start 
burning.  One  should  know  the  sealing  temperature  of 
polythene  so  that  required  temperature  is  applied,  the 
polythene  will  melt  and  once  cooled  will  solidify.  Similarly, 
the  burnt  collagen  does  not  have  any  tissue  sealing  property 
and  bleeding  may  start  again  if  it  is  overcooked. 

Most  common  causes  of  overcooking  or  charring  of  tissue 
are: 

•  High  power  setting  of  electrosurgical  generator 

•  Prolonged  activation  of  foot  paddle 

•  Keeping  the  jaw  closed  permanently  in  contact  of  tissue 

•  Poorly  engineered  electrosurgical  generator. 

Direct  Coupling 

If  the  active  electrode  touches  a  noninsulated  metal 
instrument  within  the  abdomen,  it  will  convey  energy  to  the 
second  instrument,  which  may  in  turn,  if  the  current  density 
is  high  enough,  transfer  it  to  surrounding  tissues  and  cause 
a  thermal  burn.  For  example,  the  active  electrode  could 
come  in  contact  or  in  close  proximity  (less  than  2  mm)  to  a 
laparoscope,  creating  an  arc  of  current  between  the  two. 
The  laparoscope  could  then  brush  against  surrounding 
tissue,  causing  a  severe  burn  to  the  bowel  and  other 
structures.  The  burns  may  not  be  in  the  visual  field  of  the 
surgeon  and  therefore  will  not  be  recognized  and  dealt  with 
in  a  timely  fashion. 

To  prevent  direct  coupling,  the  active  electrode  should 
not  be  in  close  proximity  to  or  touching  another  metal 
instrument  before  the  generator  is  activated.  Bowel  is 
particularly  susceptible  to  this  kind  of  collateral  damage  from 
sparks  and  stray  currents.  Recognition  of  this  complication 
may  be  delayed  until  the  postoperative  period  with  serious 
consequences.  Check  that  the  electrode  is  touching  the  target 
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tissue,  and  only  that  tissue,  before  you  activate  the  generator. 
Note  that  when  target  tissue  is  coagulated  (desiccated),  the 
impedance  increases  and  the  current  may  arc  to  adjacent 
tissue,  following  the  path  of  least  resistance. 

We  should  be  careful  that  all  metal  instruments,  such  as 
laparoscopes  pass  through  conductive  metal  trocars.  This 
way,  if  the  active  electrode  touches  the  instrument,  the 
current  will  simply  flow  from  the  instrument  to  the  metal 
trocar.  As  long  as  the  trocar  is  in  contact  with  a  relatively 
large  portion  of  the  abdominal  wall,  the  current  will  not 
concentrate.  Instead,  it  will  dissipate  harmlessly  from  the 
trocar  through  the  abdomen  and  back  through  adjacent 
tissue  to  the  return  electrode.  If  the  trocar  is  completely  or 
partially  constructed  of  plastic,  however,  the  energy  may 
not  be  able  to  dissipate  back  through  the  body.  The  metal 
within  the  trocar  will  build  up  a  charge,  which  could 
eventually  arc  to  adjacent  tissue  and  back  to  the  return 
electrode,  but  at  a  harmful  level  of  current.  In  doing  so,  it 
may  travel  through  the  bowel,  skin,  or  even  the  operator’s 
hands,  causing  burns  (Fig.  8.24). 

To  avoid  direct  coupling  surgeon  should  not  activate 
the  generator  while  the  active  electrode  is  touching  or  in 
close  proximity  to  another  metal  object. 

Capacitive  Coupling 

This  now  never  arise  but  occurred  in  the  early  days  of 
laparoscopic  surgery  with  the  use  of  plastic  fixation  screws 
to  fix  metal  ports  to  the  abdominal  wall  so  as  to  prevent 
them  from  being  accidentally  pulled  out  or  pushed  when 
instruments  were  withdrawn  during  the  course  of  an 
operation. 

The  physics  underlying  this  injury  is  fairly  straight 
forward.  Whenever  current  is  applied  through  an  insulated 
instrument  inserted  through  a  metal  trocar  (port)  some  radio 
frequency  electric  charge  is  transferred  to  the  metal  cannula 
by  every  activation  (even  if  the  insulation  of  the  instrument 
is  perfect).  This  effect  is  known  as  capacitance  coupling. 

There  is  absolutely  no  problem  if  the  metal  cannula  is 
in  contact  with  the  full  thickness  of  the  abdominal  wall,  as 
the  charge  accumulated  by  the  cannula  is  immediately 
discharged  over  a  wide  contact  area  (low  power  density, 
like  the  neutral  return  electrode  plate)  and  hence  no  damage 
is  done. 

However,  if  the  cannula  is  isolated  from  the  abdominal 
wall,  by  a  plastic  screw  (acting  as  an  insulator),  the  cannula 
can  not  discharge  and  thus  accumulates  a  substantial  charge 
with  repeated  activation  of  the  electrosurgical  instrument. 
Thus,  in  essence  it  becomes  an  electric  accumulator!  Should 
at  any  stage,  the  tip  of  the  cannula  inside  the  abdomen 
touch  tissue  or  bowel,  the  accumulated  charge  will  discharge 
immediately  through  a  single  point  of  contact,  i.e.  with  a 


high  power  density  sufficient  to  cause  an  electrical  burn. 
Since  this  occurs  away  from  the  site  of  action  of  the 
operation,  it  is  usually  overlooked.  Capacitive  coupling  is 
not  a  problem  if  plastic  fixation  screws  are  not  used. 

The  phenomenon  of  “capacitance”  is  the  ability  of  two 
conductors  to  transmit  electrical  flow  even  if  they  are 
separated  by  an  intact  layer  of  insulation.  Capacitive 
coupling  can  occur  even  in  the  best-case  scenario,  that  is, 
when  the  insulation  around  the  active  electrode  is  intact 
and  the  tip  of  the  electrode  is  not  touching  anything  metal. 
If  the  active,  insulated  electrode  is  wrapped  around  a  towel 
clamp,  or  placed  inside  a  metal  trocar  sleeve,  or  comes  in 
close  contact  with  any  conductive  substance  for  an  extended 
period  of  time,  the  current  in  the  active  electrode  may  induce 
a  current  in  the  second  conductor. 

As  long  as  the  induced  current  can  dissipate  easily, 
through  a  large  surface  of  tissue,  it  won’t  present  a  problem. 
The  danger  occurs  if  the  second  conductor  contains  some 
insulating  material,  as  in  the  case  of  a  metal  cannula  held  in 
place  by  a  plastic  anchor.  The  plastic  anchor  will  prevent 
the  energy  from  dissipating  and  increase  the  likelihood  of  a 
thermal  burn.  Burns  from  capacitance  current  may  occur 
when  the  surface  area  is  less  than  3  cm2  or  the  current  density 
is  approximately  7  W/cm2. 

As  with  direct  coupling,  the  best  way  to  prevent  this 
phenomenon  is  to  use  the  active  electrode  monitoring  system 
that  prevents  current  from  capacitive  coupling  from  building 
to  dangerous  levels.  Also,  you  should  avoid  all  plastic-metal 
hybrid  instruments,  including  cannulas,  trocars,  and  clamps, 
when  doing  electrosurgery. 

Insulation  Failure 

During  a  laparoendoscopic  procedure,  only  about  10  percent 
of  an  insulated  instrument  is  visible  on  the  video  monitor  at 
any  one  time,  which  means  about  90  percent  of  that 
electrode  remains  outside  the  surgeon’s  field  of  view,  where 
it  can  cause  the  most  damage.  Whenever  a  defective 
instrument  is  introduced  into  the  patient,  electric  current 
can  escape  to  contiguous  tissue  or  organs,  but  the  surgeon 
is  not  aware  that  a  thermal  burn  at  a  peripheral  site  has 
occurred.  It  is  estimated  that  67  percent  of  such  injuries  are 
not  recognized  at  the  time  of  surgery.  Sadly,  manifestations 
of  these  unsuspected  injuries  don’t  appear  until  several  days 
after  the  actual  surgery  and  so,  when  the  impaired  patient 
presents,  his  or  her  clinical  symptoms  are  already  severe. 
Diagnosis  is  difficult  and  often  delayed,  and  the  damage 
can  be  irreversible.  Complications  include  perforated  bowel 
diaphragm,  urinary  bladder,  permanent  disfigurement,  fecal 
peritonitis  cases,  etc  (Fig.  8.26). 

Continued  regular  use  of  cleaning  and  sterilization  can 
cause  the  layer  of  insulation  covering  the  shaft  of  the  active 
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Fig.  8.26:  Insulation  failure 


electrode  to  break  down.  Tiny,  visually  undetectable  tears 
are  actually  more  dangerous  than  large  cracks,  since  the 
current  escaping  from  these  miniscule  breaks  is  more 
concentrated,  and  therefore  capable  of  causing  sparks 
(averaging  700°C).  These  sparks  can  cause  severe  burns 
and  even  ignite  fires,  especially  in  oxygen-rich  environments. 
In  fact,  all  insulated  electrodes  should  be  considered 
suspicious,  unless  adequate  safety  measures  are  introduced. 

Unfortunately,  many  surgeons  unknowingly  contribute 
to  the  problem.  Routine  use  of  the  high  voltage 
“coagulation”  current  may  actually  compromise  insulation 
integrity.  The  higher  the  voltage,  the  greater  the  risk  that 
the  current  will  break  through  weak  insulation. 

Surgeon  should  always  use  the  lowest  voltage.  All 
electrosurgery  systems  will  allow  you  to  use  a  “coagulation” 
or  “cutting”  waveform  of  current. 

In  most  cases,  we  should  try  to  use  the  cutting  current 
for  both  cutting  and  coagulation.  The  coagulation  mode  is 
necessary  only  when  you  need  to  fulgurate,  or  stop  diffuse 
bleeding  on  highly  vascularized  tissue.  Using  the  lowest 
voltage  may  reduce  the  wear  on  the  insulation  and  minimize 
the  chance  that  the  current  can  escape  through  hairline 
cracks. 

The  surgeon  should  test  for  insulation  defects  in  the 
operating  room,  after  the  set  has  been  opened.  This  step 
can  significantly  reduce  the  number  of  accidental 
electrosurgical  burns  because  it  will  prevent  a  surgeon  from 
inserting  a  potentially  lethal  instrument  into  the  patient's 
abdomen.  Insulation  that  degraded  during  that  final 
sterilization  cycle  cannot  be  detected  until  this  point  in  time, 
so  it  is  critical  that  inspection  in  the  operating  room  itself  be 
made  an  integral  part  of  hospital  protocol.  It  is  advisable  to 
keep  a  supply  of  single-use  electrodes  available  to  replace 
any  found  to  be  faulty  during  the  preoperative  scan.  One 
can  also  devise  a  vigorous  and  ongoing  inspection  plan  with 


a  qualified  technician  to  ensure  that  all  reusable 
electrosurgical  tools  are  scanned  and  reinsulated  as  needed. 

If  the  instruments  are  rescanned  in  the  operating  room 
following  surgery,  the  surgeon  can  be  secure  in  the 
knowledge,  that  no  stray  electrical  current  escaped  into 
adjacent,  but  unseen  sites,  and  so  if  any  post-operative 
clinical  complications  were  to  arise,  he  or  she  could  more 
easily  isolate  the  cause.  Conversely,  if  the  postoperative  scan 
revealed  that  insulation  was  damaged  during  the  procedure, 
he  or  she  may  elect  to  take  aggressive  steps  to  investigate 
further.  For  documentation  purposes,  the  results  of  both 
scans  can  be  recorded  in  the  patient  record. 

We  should  always  keep  in  mind  that  using  the  cutting 
current  minimizes,  but  does  not  eliminate  the  risk  of 
insulation  failure.  To  really  be  sure  that  the  insulation  is  not 
compromised,  it  is  recommended  to  use  an  electrosurgical 
unit  that  employs  active  electrode  monitoring  (AEM) 
technology.  This  technology  is  called  “Electro-Shield” 
(ElectroScope  Inc.,  Boulder,  Colo.)  and  it  virtually  eliminates 
these  types  of  electrical  burns. 

The  traditional  system  for  inspection  in  the  sterile 
processing  department  is  hardly  foolproof,  and  its 
weaknesses  must  be  addressed.  Because  the  margin  for  error 
is  so  great,  risk  managers  and  physicians  alike  are  insisting 
on  alternatives  that  will  ensure  patient  safety  and  reduce 
liability  exposure.  Active  electrode  monitoring  protects 
against  thermal  burns  in  two  ways.  First,  it  encases  the 
insulated  electrode  in  a  protective  metal  shield  that  is 
connected  to  the  generator;  the  entire  probe  is  also  covered 
with  an  extra  layer  of  insulation.  The  extra  conductive  and 
insulating  layers  ensure  that  stray  current  is  contained  and 
flows  right  back  to  the  generator.  Second,  the  system 
monitors  the  electrical  circuit  so  if  stray  energy  reaches 
dangerous  levels,  the  unit  shuts  off  automatically  and  sounds 
an  alarm  before  a  burn  can  occur.  Electroscope’s  AEM 
system  operates  on  a  principle  similar  to  ground  fault 
interrupt  (GFI)  outlets  in  our  home.  It  protects  against 
insulation  breaks  by  grounding  electricity  in  unpredictable 
elements,  eliminating  stray  burns  to  the  patient.  This  is 
presently  considered  the  standard  of  care  in  endoscopic 
electrosurgery. 

Surgical  Smoke 

Dissection  with  electrocautery  produces  a  great  deal  of 
smoke.  Carbon  monoxide  at  levels  as  high  as  1900  ppm, 
many  times  higher  than  the  environmental  protection  agency 
standard  of  35  ppm  for  a  one  hour  exposure,  are  produced 
by  electrocautery  in  the  hypoxic  environment  of  the  carbon 
dioxide  filled  abdomen.  Fortunately,  carbon  monoxide  is  a 
very  insoluble  molecule  and  does  not  cross  the  peritoneum. 
Carbon  monoxide  absorption  is  therefore  not  a  problem 
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for  patients  undergoing  laparoscopy.  However, 
contamination  by  carbon  monoxide  and  other  toxic  or 
infectious  byproducts  of  electrocautery  may  affect  the 
operating  room  personnel  if  the  smoke  is  vented  into  the 
room. 

When  an  electrosurgical  probe  heats  tissue  and  vaporizes 
cellular  fluid,  one  byproduct  is  surgical  smoke.  We  know 
that  these  fumes,  which  can  contain  viral  DNA,  bacteria, 
carcinogens  and  irritants  are  malodorous  and  can  cause 
upper  respiratory  irritation.  We  do  not  yet  know  whether 
they  are  capable  of  causing  cancer  or  spreading  infectious 
disease.  Surgical  smoke  can  also  obscure  the  operative  site 
and  cause  the  surgeon  to  inadvertently  touch  the  electrode 
to  non-targeted  tissue. 

Surgical  masks  do  not  adequately  filter  surgical  smoke, 
the  particles  are  too  small.  A  much  better  solution  is  a  smoke 
evacuation  system,  a  high-flow  suction  and  filtering  device 
that  removes  the  particles  from  the  air.  Two  kinds  are 
available  commercially.  One  uses  a  handheld  nozzle,  which 
is  intended  to  be  positioned  at  the  surgical  site. 

To  avoid  complication  of  laparoscopic  electrosurgery 
following  important  points  are: 

•  Inspect  insulation  carefully 

•  Use  lowest  possible  power  setting 

•  Use  a  low  voltage  waveform  (cut) 

•  Use  brief  intermittent  activation  vs.  prolonged  activation 

•  Do  not  activate  in  open  circuit 

•  Do  not  activate  in  close  proximity  or  direct  contact  with 
another  instrument 

•  Use  bipolar  electrosurgery  when  appropriate 

•  Select  an  all  metal  cannula  system  as  the  safest  choice. 
Do  not  use  hybrid  cannula  systems  that  mix  metal  with 
plastic 

•  Utilize  available  technology,  such  as  a  tissue  response 
generator  to  reduce  capacitive  coupling  or  an  active 
electrode  monitoring  system,  to  eliminate  concerns  about 
insulation  failure  and  capacitive  coupling. 

Argon  Beamer  Coagulator 

The  argon  beamer  is  used  in  conjunction  with  monopolar 
electrosurgery  to  produce  fulguration  or  superficial 
coagulation  (Fig.  8.27).  Less  smoke  is  produced  because 
there  is  lesser  depth  of  tissue  damage.  Despite  these 
advantages,  the  argon  beamer  suffers  from  a  very  significant 
drawback  in  laparoscopic  surgery,  namely,  increased  intra¬ 
abdominal  pressure  to  potentially  dangerous  levels  due  to 
high-flow  infusion  of  argon  gas. 

ULTRASONIC  DISSECTION 

Ultrasonic  dissectors  are  of  two  types:  low  power  which 
cleaves  water  containing  tissues  by  cavitations  leaving 


Fig.  8  .27:  Argon  electrosurgery 


organized  structures  with  low  water  content  intact,  e.g.  blood 
vessels,  bile  ducts,  etc.  and  high  power  systems  which  cleave 
loose  areolar  tissues  by  frictional  heating  and  thus  cut  and 
coagulate  the  edges  at  the  same  time.  Thus,  low  power 
systems  are  used  for  liver  surgery  (Cusa,  Selector)  and  do 
not  coagulate  vessels.  High  power  systems  (Autosonix, 
Ultracision)  are  used  extensively  especially  in  fundoplication 
and  laparoscopic  colon  surgery.  It  is  important  to  remember 
that  high  power  ultrasonic  dissection  systems  may  cause 
collateral  damage  by  excessive  heating  and  this  is  well 
documented  in  clinical  practice. 

Ultrasonic  surgical  dissection  allows  coagulation  and 
cutting  with  less  instrument  traffic  (reduction  in  operating 
time),  less  smoke  and  no  electrical  current. 

•  Mechanical  energy  at  55,500  vibrations/sec 

•  Disrupts  hydrogen  bonds  and  forms  a  coagulum 

•  Temperature  by  harmonic  scalpel,  80-100°C 

•  Temperature  through  electrocoagulation,  200-300°C 

•  Less  collateral  damage,  less  tissue  necrosis. 

The  ultrasonic  shears  (harmonic  scalpel)  is  ideal  for 
dividing  and  simultaneously  sealing  small  and  medium 
vessels  by  tamponade  and  heat.  However,  larger  vessels, 
greater  than  2  mm  in  diameter,  need  additional  measures 
(clips,  tie  or  staple)  to  control  bleeding.  Other  disadvantages 
of  the  harmonic  scalpel  include  lack  of  tissue  selectivity  and 
relatively  expensive.  Ultrasonic  dissecting  applicators  are  also 
designed  in  hook,  spatula  or  ball  coagulator  shapes  (Figs 
8.28A  and  B). 

The  cavitational  ultrasonic  aspirator  has  the  advantage 
of  removing  debris  and  is  tissue  selective,  e.g.  divides  liver 
but  spares  bile  ducts  and  vessels.  It  affords  safe  rapid 
dissection  with  reduction  in  tissue  damage  and  blood  loss 


Figs  8.28A  and  B:  Ultrasonic  generator 


compared  to  the  harmonic  scalpel.  The  problems  associated 
with  its  use  are  evacuation  of  the  pneumoperitoneum 
together  with  vibration  and  irrigation  which  cloud  the 
telescope  lens  necessitating  frequent  cleaning  (Fig.  8.29). 

It  is  not  correct  that  ultrasonic  generators  are  without 
any  risk.  If  bowel  or  blood  vessels  touch  directly  to  the 
vibrating  jaw  it  can  be  punctured. 

HIGH  VELOCITY  WATER  JET  DISSECTION 

High  velocity  high  pressure  water-jet  dissection  involves  the 
use  of  relatively  simple  devices  to  produce  clean  cutting  of 
reproducible  depth.  Other  advantages  are  the  cleansing  of 
the  operating  field  by  the  turbulent  flow  zone  and  the  small 
amount  of  water  required  to  complete  dissection. 

Specific  problems  were  identified  with  the  use  of  this 
modality.  The  “hail  storm”  effect  result  in  excessive  misting 
which  obscures  vision.  This  has  been  solved  to  some  extent 
by  incorporating  a  hood  over  the  nozzle.  The  nonhemostatic 
nature  of  this  modality,  difficulty  in  gauging  distance  and 
poor  control  of  the  depth  of  the  cut  are  additional  drawbacks. 
The  spraying  of  tissue  fragments  renders  it  also  oncologically 
unsound.  The  present  use  of  water-jet  dissection  is  limited 
to  dissection  of  solid  organs. 

Hydrodissection 

Hydrodissection  uses  the  force  of  pulsatile  irrigation  with 
crystalloid  solutions  to  separate  tissue  planes.  The  operating 
field  at  the  same  time  is  kept  clear.  Like  water  jet  dissection 
no  hemostasis  is  achievable.  The  use  of  this  dissecting 
modality  is  restricted  to  pelvic  lymphadenectomy  and 
pleurectomy  in  thoracoscopic  surgery. 


Fig.  8.29:  Harmonic  scalpel 


LASER  DISSECTION 

The  laser  devices  release  photons  which  induce  molecular 
vibration  and  create  heat  when  they  interact  with  the  tissue 
and  create  heat.  LASER  is  an  acronym  for  “light 
amplification  by  stimulated  radiation.  Each  lasing  substance 
has  a  unique  atomic  and  molecular  structure  and  so  the 
waveform  and  frequency.  Laser  light  is  monochromatic  and 
cannot  be  separated  into  colors  when  passed  through  prism. 
The  amount  of  power  delivered  by  laser  is  measured  in 
Watts.  The  basic  components  in  a  laser  unit  are  a  pumping 
system,  lasing  medium,  optical  cavity  and  operating  system. 
The  operating  system  controls  delivery  of  laser  into  tissue 


Chapter  8:  Laparoscopic  Dissection  Techniques 


117 


when  activated  by  surgeon.  The  surgeon  controls  power 
control  knob.  There  are  many  modes  of  power  delivery  like: 
Continuous  mode,  pulse  mode,  super  pulse  mode  and  ultra 
pulse  mode. 

The  primary  difference  from  other  source  of  energy  is 
that,  generally  tissue  is  not  directly  touched  by  surgical 
instrument.  Thus,  the  depth  of  incision  is  not  controlled  by 
pressure  exerted  on  the  tissue  but  by  the  power  density 
delivered  by  surgeon.  The  unique  property  of  laser  is 
determined  by  its  wavelength  and  tissue  absorption.  By 
changing  the  power  setting,  desired  tissue  effect  such  as 
ablation,  fulguration,  coagulation  or  vaporization  can  be 
achieved.  These  days  laser  are  not  used  frequently  in  general 
laparoscopic  surgery  as  they  offer  no  advantages  over  more 
user  friendly  and  safer  forms  of  energized  dissection  and 
coagulation  systems. 

The  previous  generation  of  lasers  (with  gas  vapor 
chambers)  was  large,  very  expensive  and  required  special 
power  supply  (3-phase  electricity)  and  maintenance.  In 
addition  they  lacked  portability.  The  current  generation  of 
solid  state  diode-array  lasers  has  overcome  all  these 
disadvantages  and  may  well  be  used  for  certain  applications 
of  laparoscopic  general  surgery  in  the  future.  Currently,  laser 
ablation  is  used  largely  in  gynecological  laparoscopic 
surgery,  e.g.  ablation  of  endometriosis  and  much  less 
commonly  for  the  photoablation  of  secondary  tumors  of 
the  liver.  The  most  effective  use  of  C02  laser  beam  is  laser 
knife  gives  high  precision  for  dissection  over  sensitive  area 
like  bladder,  ureter,  and  major  blood  vessels. 

The  degree  and  extent  of  thermal  damage  produced  by 
laser  depends  on  the  structure,  water  content,  pigmentation, 
optical  and  thermal  properties  and  perfusion  of  the  tissue. 
The  properties  of  a  particular  laser  beam  are  also  other 
determinants  of  heat  damage.  Therefore,  each  of  the  various 
types  of  laser  available  have  a  specific  clinical  application. 

In  gynecology,  the  argon  laser  coagulator  is  the  ideal 
method  of  treating  small  red  endometriotic  deposits.  Tissue 
absorption  of  light  is  low  and  hemoglobin  absorption  high 
at  its  operating  wavelengths  of  488  nm  and  514  nm,  i.e. 
selective  absorption. 

The  carbon  dioxide  laser  is  best  suited  for  extremely 
superficial  ablation.  It  is  relatively  inexpensive  (compared 
to  other  lasers)  and  has  the  ability  to  vaporize  a  very  thin 
surface  of  tissue.  On  the  other  hand,  photocoagulation  of 
vascular  lesions  is  ineffective  using  C02  laser.  This  type  of 
laser  also  has  the  potential  for  injuring  structures  in  the 
abdomen  distant  from  the  site  under  laparoscopic  view. 

The  contact  Nd:YAG  laser  virtually  eliminates  the  free 
beam  effect  and  is  therefore  suitable  for  laparoscopic 
application.  The  thermal  injury  from  contact  laser  is 
superficial.  No  additional  protection  is  needed  for  the 
endocamera  since  they  are  already  fitted  with  infrared  filters. 


However,  Nd:YAG  laser  dissection  was  found  to  be 
significantly  slower  and  produced  more  blood  loss  than 
monopolar  electrosurgery  in  laparoscopic  cholecystectomy. 

All  lasers  including  KPT  and  the  more  recently  developed 
solid  state  have  several  major  drawbacks  in  common.  They 
are  expensive,  inefficient,  produce  toxic  smoke,  nontunable, 
require  specialized  theater  and  achieve  variable  penetration. 
Safety  issues  such  as  heat  cumulative  effect,  burns  due  to 
accidental  exposure  and  retinal  damage  also  contribute 
towards  preventing  widespread  use  of  laser. 

It  is  now  obvious  that  from  the  range  of  available 
dissecting  modalities  in  laparoscopic  surgery  none  has 
proven  to  be  ideal.  Utility  of  a  particular  modality  is  dictated 
by  how  close  it  meets  the  requirements  to  achieve  safe, 
effective  and  hemostatic  tissue  division  under  the  specific 
circumstances.  The  surgeon  must  be  able  to  use  the 
appropriate  combination  of  modalities  in  order  to  exploit 
the  benefit  each  has  to  offer  during  dissection. 

When  properly  used,  laser,  microelectrode,  ultrasonic 
dissector,  Tissue  response  generator  and  mechanical 
instruments  are  equally  effective  in  any  surgery.  The  choice 
of  instrument  should  be  on  the  instrument  with  surgeon  is 
more  comfortable  and  he  has  the  skill  and  experience  for 
that  particular  instrument. 

CRYOTHERAPY  AND  RADIOFREQUENCY 
ABLATION 

Both  are  used  in  the  laparoscopic  ablation  of  secondary 
tumor  deposits  in  the  liver,  usually  when  the  lesions  are 
inoperable  for  whatever  reason,  laparoscopic  cryotherapy 
with  implantable  probe  destroys  tumors  by  rapid  freezing  to 
-40°C  or  lower.  The  lesion  re-vascularizes  for  a  short  period 
(12-14  hours)  on  thawing  but  because  the  vasculature  and 
the  tumor  parenchyma  are  damaged  beyond  repair, 
hemorrhagic  infraction  ensues.  With  RF  thermal  ablation,  a 
radiofrequency  current  is  transmitted  through  the  probe 
implanted  in  the  tumor.  The  RF  current  causes  molecular 
and  ionic  agitation  which  heats  the  tissues  (much  like  the 
microwave)  and  hence  the  tumor  is  heated  to  destruction. 
Both  modalities  are  operated  with  laparoscopic  contact  ultra¬ 
sonographic  scanning. 

Tissue  Response  Electrosurgical  Generator 

The  tissue  response  generator  has  unique  vessel  sealing 
ability.  These  vessel  sealing  produces  significantly  reduced 
thermal  spread  compared  to  existing  bipolar  instruments. 
These  generators  precisely  confine  its  effects  to  the  target 
tissue  or  vessel  with  virtually  no  charring  and  with  minimal 
thermal  spread  to  adjacent  tissue  (Figs  8.30  and  8.31).  These 
generator  uses  seal  mechanism  by  sensing  body's  collagen 
to  actually  change  the  nature  of  the  vessel  walls  by 
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Fig.  8.30:  Tissue  response  generator  (Ligasure™) 


r 


Fig.  8.31:  Ligasure™ 


obliterating  the  lumen.  The  collagen  and  elastin  within  the 
tissue  melt  and  reform  to  create  the  seal  zone.  These 
electrosurgical  generator  works  by  fusing  the  collagen  in 
vessel  walls  to  create  a  permanent  seal.  The  jaw  of 
electrosurgical  forceps  using  this  technology  leaves  no  foreign 
material  behind  to  potentially  interfere  with  future  diagnosis. 
The  system  uses  the  body’s  own  collagen  to  reform  the  tissue, 
creating  a  permanent  seal  which  resists  dislodgment. 

Tissue  response  generator  has  following  advantages: 

•  It  can  be  used  with  confidence  on  vessels  up  to  7  mm 

•  It  seals  all  the  tissue  bundles  without  dissection  and 
isolation 

•  It  causes  minimal  thermal  spread 

•  Its  effect  to  the  target  tissue 

•  The  unique  energy  output  results  in  virtually  no  sticking 

•  Reduced  sticking  and  charring 

•  Minimized  need  for  multiple  applications 

•  No  dislodged  clips 

•  No  foreign  material  is  left  behind. 
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Laparoscopic  Tissue  Approximation 

Techniques 


Knots  are  used  since  the  time  of  primitive  man  for  trapping 
animals  and  making  weapons.  Today’s  laparoscopic  knots 
are  basically  a  modification  of  knots  used  by  Seamen, 
Fishermen,  Weavers  or  Hangmen.  In  much  of  the  literature 
on  laparoscopic  surgery,  the  learning  curve  for  performing 
the  technique  is  described  as  steep.  In  fact,  laparoscopy  is 
more  than  a  new  technique;  it  is  a  completely  different  way 
of  operating  as  far  as  tissue  approximation  is  concerned. 
The  visualization  is  different,  the  instruments  are  different, 
and  the  tactile  aspects  are  very  different.  Laparoscopic 
suturing  and  knotting  is  a  skill  that  requires  a  great  deal  of 
practice:  “As  a  young  surgeon  in  training,  you  sit  up  all 
night,  night  after  night,  tying  knots  over  and  over  and  over 
again  until  you  become  perfect” . 

There  are  many  ways  of  laparoscopic  tissue 
approximation  but  most  commonly  used  one  are: 

•  Laparoscopic  extracorporeal  and  intracorporeal  knots 

•  Surgical  glues  which  act  as  a  tissue  adhesive 

•  Laparoscopic  clips 

•  Laparoscopic  staplers 

•  Laser  welding. 

LAPAROSCOPIC  SUTURING  AND  KNOTTING 

It  is  important  to  remember  that  knot  is  either  exactly  right 
or  is  hopelessly  wrong,  and  never  nearly  right. 

There  are  three  steps  of  knot  tying: 

1 .  Configuration  (Tying) 

2.  Shaping  (Drawing) 

3.  Securing  (Locking  or  snuggling). 

Choice  of  Suture  Material 

Ideal  Suture  Characteristics 

The  choice  of  suture  material  influences  wound  healing.  Ideal 
suture  characteristics  include: 


•  Good  knot  security 

•  Adequate  tensile  strength 

•  Flexibility  and  ease  of  handling 

•  Inertness  and  nonallergenic  nature 

•  Resistance  to  infection 

•  Smooth  passage  through  tissue 

•  Absorbability,  when  desirable. 

Surgeons  should  choose  sutures  that  they  are  comfortable 
with,  and  that  are  suited  to  the  intended  application.  This 
choice  should  be  based  on  the  duration  of  tensile  strength. 
For  internal  sutures,  least  number  of  knots  should  be  used,  to 
ensure  knot  security  and  avoid  an  excessive  knot  burden 
and  consequent  foreign  body  reaction. 

Types  of  Sutures 

Sutures  traditionally  have  been  classified  into  natural  (i.e. 
naturally  occurring),  and  synthetic  (man  made).  The  use  of 
natural  sutures  is  declining,  for  a  number  of  reasons  like 
tissue  reaction,  infection,  weak  knots.  Examples  of  natural 
sutures  include  catgut  and  silk.  Suture  material  is  also 
classified  into  absorbable  and  nonabsorbable. 

Absorbable  Sutures 

The  natural  absorbable  (catgut)  tend  to  have  unpredictable 
rates  of  absorption  and  tissue  reaction.  For  the  most  part, 
these  sutures  have  short  half-lives,  so  they  are  not  good  for 
wound  closure  where  strength  is  desirable.  Their  use  is  being 
discontinued. 

The  synthetic  absorbable  are  broken  down  by 
hydrolyzation.  They  generally  have  a  longer  half-life,  less 
tissue  reaction,  and  a  more  consistent  breakdown  rate.  The 
synthetic  absorbable,  polyglycolic  acid  (Dexon®)  or 
polyglactin  910  (Vicryl®),  have  decreased  tissue  reaction 
compared  to  the  natural  absorbable.  Knot  security  is  fair 
and  can  be  used  for  extracorporeal  knotting. 
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Polyglactin  910  (Vicryl)  keeps  75  percent  of  its  tensile 
strength  for  about  2  weeks  and  50  percent  by  3  weeks.  The 
coated  sutures  decrease  the  drag  through  tissue,  so  it  is  easier 
to  use,  but  there  are  variable  rates  of  absorption.  Polyglactin 
is  good  suture  material  for  intracorporeal  suturing. 

Poliglecaprone  25  (Monocryl®)  is  a  monofilament 
product  that  has  easy  passage  through  tissue,  good  handling, 
and  is  inert.  It  keeps  tensile  strength  for  only  a  week,  but 
stays  in  the  wound  for  almost  4  months.  It  is  good  for 
anastomosis,  gynecologic  work,  and  small  vessel  ligation 
and  epithelial  approximation.  This  material  can  be  used  for 
both  extra  and  intracorporeal  suturing. 

The  delayed  absorbable  monofilament  sutures  such  as 
polydioxanone  (PDS®)  and  polyglyconate  (Maxon®),  used 
for  abdominal  wound  closure  have  good  tensile  strength 
and  low  tissue  reaction,  but  the  knots  are  not  as  strong. 
PDS  is  considered  as  ideal  material  for  extracorporeal 
knotting  by  many  surgeons  and  gynecologists. 

Polydioxanone  (PDS)  is  also  good  for  contaminated 
fields  because  it  has  a  low  affinity  for  bacteria.  It  is  good  for 
general  use,  tissue  approximation,  biliary  work,  anastomosis, 
fascial  closures,  heart  surgery,  and  orthopedics. 

Panacryl®  is  a  braided  synthetic  absorbable  suture.  It 
has  good  tensile  strength,  low  tissue  reaction,  and  fairly  good 
knot  security.  It  maintains  60  percent  of  its  tensile  strength 
at  6  months.  It  may  be  a  good  substitute  for  a  non-absorbable 
suture  because  it  has  complete  absorption  in  years.  It  is 
good  for  fascial  closures,  closing  tissues  under  tension,  and 
it  might  have  a  role  in  the  compromised  patient  where  you 
presume  there  is  going  to  be  inadequate  or  delayed  wound 
healing. 

Nonabsorbable  Sutures 

The  natural  nonabsorbables,  cotton  and  silk,  should  be 
relegated  to  the  past.  Even  though  they  have  good  knot 
security,  and  are  easy  to  tie,  they  provoke  a  lot  of  tissue 
reaction.  Synthetic  nonabsorbable  sutures  in  common  use 
include  nylon,  polyester  and  stainless  steel.  The  role  of  this 
material  in  laparoscopic  surgery  is  very  limited  and  can  be 
used  if  the  other  materials  are  not  available. 

Suture  Size 

The  narrower  the  suture,  the  lower  is  its  tensile  strength. 
Narrower  sutures  cause  less  scarring.  In  addition,  a  narrower 
suture  will  harbor  fewer  bacteria. 

Surgeons  should  use  the  smallest  suture  that  they  are 
comfortable  with  and  that  will  give  optimal  security  of  wound 
closure,  with  minimal  wound  tension. 

Usually,  2/0  or  3/0  is  used  in  most  of  the  minimal  access 
surgical  procedure,  with  the  exception  of  the  fallopian  tube, 
where  6/0  may  be  preferred. 


Knots 

The  knot  is  the  most  important  part  of  the  suture  closure  in 
vivo,  the  knot  is  the  determining  factor  in  suture  strength  in 
95  percent  of  sutures  tested.  Complex  knots  have  twice  the 
security  of  simple  knots. 

However,  increasing  complexity  of  the  knot  simply  leads  to 
the  suture  strength  being  the  weak  link.  The  size  of  the  knot  is 
also  important.  If  you  use  the  same  suture  and  increase  from  3 
to  5  throws,  the  foreign  body  volume  is  increased  by  50  percent. 

LAPAROSCOPIC  NEEDLE 

In  general  surgery,  needles  are  either  straight  or  curved. 
With  increasing  proficiency,  curved  needle  can  also  be  used 
but  in  laparoscopic  surgery  most  intuitive  needle  is  endoski 
needle.  Endoski  has  advantage  of  both  straight  and  curved 
needle  (Fig.  9.1). 

Endoski  Needle 

The  distal  end  is  tapered  half  circle  and  proximal  shaft  of 
the  needle  is  straight.  The  shaft  of  the  needle  is  1.5  times 
the  length  of  curved  portion  of  endoski  needle. 

In  our  day  to  day  practice  we  can  convert  half  circled 
needle  into  endoski  shaped  by  making  proximal  half  of  the 
needle  straight. 

Laparoscopic  Suture  Material 

Although  it  is  a  personal  preference  and  varies  surgeon  to 
surgeon  but  considering  handicap  of  laparoscopic  setting 
following  is  recommended. 

•  For  extracorporeal  suturing  of  small  tubular  structure  like 
cystic  duct  and  small  blood  vessels:  dry  chromic  catgut. 

•  For  extracorporeal  suturing  of  thick  tubular  structure  like 
appendix  and  large  blood  vessels:  PDS. 

•  For  intracorporeal  continuous  or  interrupted  suturing:  Vicryl. 

•  For  intracorporeal  interrupted  suturing  in  the  repair  of 
hernia,  Fundoplication  and  rectopexy:  Dacron  (polyester) 
or  silk. 

Types  of  Laparoscopic  Surgical  Knots 

•  Extracorporeal  (Tied  outside  the  body  and  then  slipped 
inside  using  a  push  rod) 

-  Boeder's  knot 

-  Meltzer's  knot 

-  Tayside  knot. 


Fig.  9.1  :  Endoski  needle 
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•  Intracorporeal  (tied  with  the  help  of  needle  holder  within 

the  body  cavity) 

-  Square  knot 

-  Surgeons  knot 

-  Tumble  square  knot 

-  Dundee  jamming  knot 

-  Aberdeen  termination. 

A  long  length  of  ligature  is  required  (90  cm)  for 
extracorporeal  suturing.  It  must  be  long  enough  to  have  the 
knot  pusher  threaded  on  to  it,  to  be  passed  into  the 
abdomen,  round  the  structure  to  be  ligated  and  to  be  brought 
out  again  and  still  have  sufficient  length  for  the  surgeon  to 
tie  his/her  knot  effectively.  The  type  of  extracorporeal  knot 
chosen  to  complete  the  loop  depends  on  the  clinical  situation 
and  the  material  used. 


ROEDER'S  KNOT  (FIGS  9.2A  TO  U) 

Step  1 :  The  index  finger  of  the  assistant  may  be  used  to 

make  extracorporeal  knot.  The  left  hand  should 
be  used  to  hold  the  short  limb  and  the  right  hand 
long  limb  of  thread. 

Step  2:  The  short  limb  of  the  thread  is  crossed  over  the 
long  limb. 

Step  3:  The  intersection  point  of  thread  should  be 
pinched  by  left  hand  index  finger  and  thumb.  At 
the  time  of  making  intersection,  surgeon  should 
keep  sufficient  length  of  short  limb,  to  make  it 
comfortably.  It  is  important  to  remember  that  left 
hand  is  used  only  to  hold  the  intersection  point 
while  the  right  hand  will  make  the  necessary 
hitches  and  loops. 


Figs  9.2A  to  D 
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Figs  9.2E  to  J 
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Figs  9.2K  to  P 
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Figs  9.2Q  to  U 

Figs  9.2A  to  U:  Various  steps  of  Roeder’s  knot 
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Step  4:  The  short  limb  is  passed  between  the  thread  upward. 

Step  5:  The  short  limb  should  be  pulled  from  up  by  right 
hand  to  make  first  hitch. 

Step  6:  The  short  limb  should  encircle  the  thread  from 
below  upward. 

Step  7:  With  the  index  finger  and  thumb  the  tail  end  is  held. 
Step  8:  The  tail  end  of  the  thread  is  pulled  to  make  first 
wind.  Step  5  to  7  should  be  repeated  two  more 
times  to  make  three  winds. 

Step  9:  After  making  three  winds,  the  tail  end  is  again 
passed  from  below  up  between  the  threads. 
Step  10:  Once  the  tip  of  tail  end  projects  up,  it  is  pushed 
down  by  thumb  inside  the  loop  to  make  half  knot. 
Step  1 1 :  The  tail  end  is  pulled  from  below  to  tighten  the 
half  knot. 

Step  12:  Once  the  knot  is  configured  properly,  it  should 
be  checked  by  sliding  over  the  long  thread. 

Step  13:  The  tail  end  of  knot  should  be  cut  short 
approximately  to  2  cm. 

Properly  configured  reader's  knots  loop  diameter  should 
be  approximately  4  cm.  Large  size  loop  is  difficult  to  manipulate 
inside  the  abdominal  cavity  and  very  short  loop  is  difficult  to 
reach  up  to  the  base  of  the  structure  which  is  to  be  tied. 

Roeder's  knot  can  be  remembered  as  1:3:1 

•  One  hitch 

•  Three  winds 

•  One  locking  hitch. 

THE  MELTZER  SLIP  KNOT 

This  modification  of  the  Roeder  knot  was  described  in  1991 
by  Meltzer  for  use  with  PDS,  and  has  now  superseded  the 
use  of  Roeder's  knot.  It  has  components: 

•  Two  hitches 

•  Three  winds 

•  Two-half  locking  hitches 

Meltzer  knot  can  be  remembered  as  2:3:2 


Tying  a  Meltzer  knot 

Step  1:  Two-half  knot  is  taken  first  (Fig.  9.3A) 

Step  2:  Three  rounds  are  taken  in  front  of  the  first  double 
half  knot  over  both  the  limb  of  loop  (Fig.  9.3B). 
Step  3:  Stack  the  knot  and  trim  the  short  end.  Slide  the  knot 
into  place  with  knot  pusher  under  tension  (Fig.  9.3C) . 

Applications 

The  Meltzer  knot  is  now  used  by  most  of  the  surgeons  instead 
of  the  Roeder  knot  to  tie  the  medial  end  of  the  cystic  duct 
during  cholecystectomy  and  to  fix  the  cystic  duct  drainage 
cannula  after  trans-cystic  clearance  of  ductal  stones,  as  catgut 
is  no  longer  available.  PDS  is  the  suture  material  of  choice 
for  Meltzer  knot. 

THE  TAYSIDE  KNOT  (FIGS  9.4A  TO  O) 

The  Tayside  knot  is  safe  for  use  with  any  braided  material. 
It  supplies  a  degree  of  resistance  to  reverse  slippage 
equivalent  to  a  surgeons  knot. 

Step  1 :  A  single  hitch  is  taken  first  just  as  Roeder's  knot. 
Step  2:  Four  and  a  half  rounds  are  taken  approximately 
1  cm  below  the  first  hitch  over  long  limb  of  thread. 
Step  3:  A  locking  hitch  is  made  by  passing  tail  through 
the  second  and  third  loop. 

Step  4:  Finally  the  first  hitch  is  brought  closer  to  the 
locking  hitch  by  spreading  the  first  loop. 

Step  5:  The  knot  is  stacked  properly  and  the  extra  tail  (if 
any)  is  cut.  Once  the  knot  is  configured  properly,  it 
should  be  checked  by  sliding  over  the  long  thread. 

Applications 

The  Tayside  knot  is  suitable  for  use  with  all  braided  sutures 
(2/0  or  stronger)  as  well  as  dacron.  It  is  used  with  Dacron 
for  ligation  of  vessels  such  as  the  azygous  vein,  splenic  artery/ 
vein  or  the  inferior  mesenteric  artery/vein. 


Figs  9.3A  to  C:  Step  of  Meltzer  slip  knot 
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Figs  9.4A  to  F 
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Figs  9.4G  to  L 


Figs  9.4M  to  O 

Figs  9.4A  to  O:  Various  step  of  Tayside  knot 


USING  A  PRETIED  LOOP  (FIG.  9.5) 

•  The  loop  is  drawn  up  into  the  metal  sleeve. 

•  The  tube  is  then  introduced  through  an  abdominal  port. 

•  Once  inside  the  abdomen  the  loop  is  advanced  using 
the  push  rod. 

•  A  grasping  forceps  is  placed  through  the  loop  and  used 
to  grasp  the  tissue  to  be  ligated. 

•  The  loop  is  delivered  over  the  tissue  and  the  knot  and 
push  rod  positioned  at  the  base  of  the  tissue. 

•  The  loop  is  then  tightened  around  the  tissue  by 
tensioning  the  long  end  and  applying  pressure  to  the 
knot  via  the  push  rod  causing  it  to  slide. 

•  The  knot  is  locked  firmly  in  place. 

•  The  graspers  are  removed  and  replaced  by  suture  scissors 
to  divide  the  long  end  prior  to  removal. 

Pretied  loops  are  available  commercially.  They  are 

packaged  with  the  following  items,  assembled  ready  for  use: 


Fig.  9.5  :  Roeder’s  loop 


•  A  push  rod 

•  A  pretied  loop 

•  A  metal  or  silicon  introducer  tube. 

The  pretied  loop  has  one  long  tail  of  suture  material, 
which  is  threaded  through  the  plastic  push  rod  and 
encapsulated  by  the  end.  The  region  at  the  end  of  the  push 
rod  is  designed  to  be  broken  so  the  thread  may  be  pulled 
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through  the  remainder  of  the  rod.  The  push  rod  is  passed 
through  the  metal  introducer  tube. 

Clinical  Uses 

Preformed  loops  are  used  to  ligate  tissue,  e.g.  the  base  of 
the  appendix,  lung  bullae  and  a  hole  in  the  gall-  bladder 
during  cholecystectomy.  If  multiple  loops  are  required,  the 
push  rod  and  introducer  can  be  reloaded  with  a  length  of 
ligature  and  additional  loops  fashioned  by  a  surgeon  with 
knowledge  of  external  slip  knots. 

A  preformed  loop  can  also  be  used  to  secure  a  divided 
vessel  after  it  has  been  isolated  by  a  grasper.  A  slight 
modification  of  this  technique  allows  it  to  be  used  to  secure 
smaller  identified  vessels.  One  end  is  clipped  and  the  other 
controlled  by  a  grasper,  which  has  already  been  passed 
through  a  loop.  The  vessel  is  divided  and  the  loop  slide  into 
place  and  tightened  before  the  grasper  releases  the  vessel. 

Endoloops  are  also  useful  for  sealing  a  perforated  organ  if 
this  is  to  be  removed,  e.g.  perforation  of  the  gallbladder  during 
laparoscopic  cholecystectomy  where  closure  is  necessary  to 
prevent  escape  of  gallstones  into  the  peritoneal  cavity. 

On  no  account  must  endoloops  be  used  to  close  a  perforation 
in  any  organ  that  is  not  going  to  be  resected  and  removed,  as 
the  tissue  included  in  the  closed  endoloop  will  slough  off  a  few 
days  later,  because  of  ischemia,  resulting  in  peritonitis. 

EXTRACORPOREAL  KNOT  FOR  CONTINUOUS 
STRUCTURE 

•  A  push  rod  is  threaded  onto  a  length  of  ligature  material 
approximately  1.5  m  long. 

•  A  knot  is  tied  at  the  end  of  the  thread  as  it  emerges  from 
the  straight  end  of  the  rod. 

•  The  end  of  the  ligature  emerging  from  the  tapered  end 
is  grasped  by  atraumatic  endoscopic  grasper. 

•  The  grasper  and  catgut  are  then  passed  into  an 
introducer  tube. 

•  The  introducer  tube  is  then  passed  through  an  1 1  mm 
cannula. 

•  The  grasper  and  ligature  are  extended  into  the  cavity 
and  passed  to  one  side  and  behind  the  structure  to  be 
ligated. 

•  A  second  grasper  is  introduced  through  a  second  port 
to  grasp  the  ligature  from  the  other  side  of  the  structure. 

•  The  first  grasper  releases  the  ligature  and  the  takes  it 
back  from  the  second  in  front  of  the  structure. 

•  The  first  grasper  and  ligature  are  withdrawn  from  the 
abdomen  through  the  introducer  tube  while  the  second 
is  used  to  protect  the  structure  from  the  suture. 

•  An  external  slip  knot  is  tied  externally.  The  knot  tied  is 
determined  by  the  size  of  vessel  to  be  controlled  and  the 
material  in  use. 


•  The  knot  is  pushed  into  the  abdomen  by  the  push  rod 
and  positioned  prior  to  tightening. 

•  The  rod  is  withdrawn  a  little  and  scissors  introduced  to 
cut  the  thread  leaving  a  reasonably  long  end. 

Clipping 

Titanium  clip  is  most  widely  used  tissue  approximation 

technique  used  by  general  laparoscopic  surgeon. 

•  Choose  the  correct  size  of  clip  for  the  structure. 

•  Double  clip  should  be  applied  over  important  structures 
(Fig.  9.6). 

•  Always  confirm  the  dumbbell  effect  after  clipping. 

•  Dumbbell  effect  after  clipping  confirms  the  tension  on 
tissue  (Fig.  9.7). 

•  Do  not  clip  fatty  pedicles. 

•  Check  positioning  of  jaws,  the  tips  and  content  before 
clipping. 

•  Beware  of  cross  clipping  (Fig.  9.8). 


Fig.  9.6  :  Titanium  clip 


Fig.  9.7  :  Dumbbell  formation 
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Fig.  9.8:  Clip  should  be  kept  pressed  for  3  seconds 


CAT  EYE  STONE 

Sometimes  clip  applied  on  cystic  duct  may  internalize  and  it 
may  act  as  foreign  body.  In  rare  cases  cat  eye  stone  has  been 
reported  with  the  use  of  titanium  clips.  After  many  years  it 
stimulates  stone  formation  by  deposition  of  bile.  It  is  called 
cat  eye  stone  because  after  taking  a  cross-section  of  these 
stone  the  titanium  clips  look  like  pupil  of  a  cat  seen  in  dark. 

LAPAROSCOPIC  INTERNAL  SUTURING 

One  of  the  most  challenging  aspects  of  laparoscopic  surgery 
is  intracorporeal  suturing  and  knot  tying.  A  loss  of  depth 
perception  and  tactile  sense  and  visual  obstruction  make 
placing  accurate  and  well-tied  knots  a  difficult  and  time- 
consuming  task.  The  technique  for  suturing  needs  to  be 
modified  depending  on  the  instrumentation  in  use.  A  lot  of 
work  is  currently  being  carried  out  on  designs  for  new  needle 
holders  and  automatic  suturing. 

INSTRUMENTATION 

The  Needle 

Endoski  Needle 

Although  conventional  open  surgical  needles  (half  circle) 
can  be  used  endoscopically,  the  endoski  needle  developed 
in  Dundee  is  designed  specifically  for  endoscopic  use  and  is 
a  hybrid  of  the  straight  and  half  circle  needle.  It  carries  an 
atraumatic  suture  and  has  a  straight  shaft  and  a  terminal 
tapering  curve  (that  corresponds  to  Vk  of  a  circle),  giving  it 
the  shape  of  a  miniature  ski.  The  shaft  is  a  modified  rectangle, 
which  becomes  more  and  more  rounded  towards  the  tip  so 
that  the  curved  portion  of  the  needle  is  round  bodied.  This 
combination  allows  for  an  easier  grip  of  the  shaft  by  the 
jaws  of  the  needle  holder  and  smooth  passage  of  the  curved 
portion  of  the  needle  through  the  tissues. 


Needle  Holders 

The  most  commonly  used  is  5  mm  Cuschieri  needle  holders. 
These  have  single  action  tapered  jaws.  The  handles  are 
spring  loaded  and  the  most  recent  versions  have  diamond 
coating  for  gripping  the  suture  material  without  damage.  A 
relaxed  “open  hand”  grip  is  strongly  recommended  for  these 
instruments.  Please  note  that  there  are  a  wide  variety  of 
needle  holders  (or  drivers).  In  practice,  it  is  vital  for  each 
surgeon  to  become  accustomed  to  a  particular  type  and 
use  that  pair  all  the  time.  This  is  crucial  for  efficient  and  safe 
suturing. 

Needle  Control 

Introduction  into  the  Body  Cavity 

We  recommend  the  use  of  the  introducer  tube  to  protect  all 
ligatures  and  sutures  from  the  cannula  valve  mechanisms. 

The  suture  material  on  the  endoski  needle  is  trimmed  to 
a  suitable  length.  For  a  continuous  suture  this  will  be 
approximately  15  to  20  cm  (Fig.  9.9). 

The  suture  length  must  never  exceed  20  cm  as  this  will 
result  in  very  difficult  intracorporeal  suturing  since  the  length 
is  magnified  (2.5  times)  by  the  imaging  system. 

The  needle  holder  is  first  passed  through  an  introducer 
tube.  The  tail  of  the  suture  is  held  next  to  the  tip  of  the 
needle  and  the  suture  picked  up  by  the  needle  holder  at  its 
mid  point.  It  is  then  withdrawn  into  the  introducer  tube  until 
neither  the  needle  nor  the  tail  is  visible.  The  introducer  tube 
can  then  be  passed  through  a  port  and  the  needle  extruded 
from  the  tube.  The  suture  is  watched  into  the  abdomen  and 
placed  on  a  convenient  surface,  e.g.  the  flat,  smooth  anterior 
surface  of  the  stomach. 

To  Insert  the  Needle 

•  Pass  the  needle  holder  through  the  reducing  tube. 

•  Pick  up  the  suture  material  with  the  needle  holder  at  a 
point  mid  way  from  the  tip  of  the  needle  and  the  tail  of 
the  thread. 

•  Withdraw  the  suture  and  needle  inside  the  tube  so  that 
it  is  completely  out  of  sight. 

•  Insert  the  tube  through  an  appropriate  port. 

•  Extrude  the  needle  and  suture  from  the  tube  by 
advancing  the  needle  holder  and  position  on  a  safe 
surface,  e.g.  the  anterior  surface  of  the  stomach. 

Manipulation 

•  A  trailing  needle  is  a  safe  needle. 

•  A  held  needle  should  always  be  in  view. 

•  Tips  of  the  two  needle  holders  must  always  be  in  view. 

•  Two  needle  holders  must  never  cross  each  other  by 
moving  parallel  to  each  other  from  one  side  to  the  other. 


Fig.  9.9  :  The  length  of  suture  should  not  be  more  than  20  cm 


The  ability  to  maneuver  the  needle  into  the  desired 
position  in  the  needle  holder  jaw  is  one  of  the  first  skills  you 
must  acquire.  It  is  well  worth  practicing  the  techniques  for 
this  as  it  will  make  all  subsequent  tasks  much  easier.  This 
task  causes  much  frustration  until  it  can  be  achieved  at  will. 

The  first  step  is  to  arrange  the  needle  to  the  required 
orientation  on  the  tissues  (preferably  on  a  serosal  surface 
and  not  fatty  tissue).  Recommended  techniques  to  get  the 
needle  in  the  right  attitude  on  the  tissues  include  the  “nudge”, 
the  “push”,  and  the  twist”  techniques.  This  maneuver  should 
be  better  demonstrated  for  learning. 

Position 

The  needle  must  next  be  positioned  correctly  in  the  jaws  of 
the  needle  holder.  Ideally  the  needle  is  grasped  in  the  right 
orientation  by  the  tips  of  the  jaws.  It  is  a  mistake  to  grasp 
the  needle  by  the  back  of  the  jaws  as  this  impairs  precision 
needle  driving  through  the  tissues  and  also  reduces  the 
grasping  force  so  that  needle  swivel  is  more  likely. 

For  a  right  handed  surgeon  in  a  straight  forward  situation, 
the  needle  is  held  in  the  right  hand  needle  (RH)  holder  with 
the  tip  pointing  to  the  left.  The  tip  of  the  needle  points  upward 
and  the  shaft  of  the  needle  should  make  an  obtuse  angle 
with  the  shaft  of  the  holder. 

The  key  elements  in  achieving  this  are: 

•  The  needle  position  on  the  tissues 

•  The  angle  of  approach  of  the  holder 

•  The  pick  up  actions. 

Adjustments  to  the  angle  can  be  made  using: 

•  Other  needle  holder 

•  Surrounding  tissue 

•  Tensioned  suture  material. 

Passage  Through  the  Tissues 

Position  the  needle  appropriately  in  the  needle  holder  and 
identify  the  position  of  the  first  entry  point.  Place  the  tip  of 


the  needle  at  this  position  so  that  the  sharp  tip  enters  the 
tissue  at  right  angles. 

When  approximately  1/2  of  the  curve  of  the  needle  has 
entered  the  tissue  (corresponding  to  2.0  mm)  the  wrist  is 
supinated  and  lifted  slightly  to  passage  the  curved  section 
of  the  needle  through  the  tissue.  When  the  point  of  the  needle 
is  seen  to  emerge  at  the  exit  point,  the  grasp  is  maintained 
and  the  needle  end  (not  tip)  is  grasped  by  the  other  (assisting) 
needle  holder  before  it  is  released  by  the  dominant  needle 
holder.  For  the  second  bite  (in  other  tissue  edge)  the 
dominant  needle  holder  can  retrieve  the  needle  directly  from 
the  assisting  needle  holder  provided  the  needle  is  in  a 
favorable  position  for  direct  transfer.  Otherwise  it  is  more 
ergonomic  to  drop  the  needle  and  pick  it  up  by  the  dominant 
holder.  Once  the  two  edges  have  been  passaged,  the  needle 
is  dropped  and  the  suture  pulled  to  the  desired  point  by  an 
instrument  to  instrument  technique  through  the  tissues.  A 
trailing  needle  does  less  harm  than  one  that  is  held  rigid  in 
the  holder.  A  grasped  needle  must  always  be  in  view. 

Tensioning 

A  continuous  suture  is  initially  tensioned  by  pulling  through  the 
suture  material.  Further  tightening  can  be  achieved  by  use  of 
the  dominant  needle  holder  although  one  must  be  careful  not  to 
fray  or  damage  the  suture.  The  open  jaws  of  needle  holder  are 
placed  on  the  side  of  the  suture  as  it  exits  from  the  tissues.  They 
can  then  be  used  to  apply  counter  pressure  on  the  tissues  as  the 
suture  is  pulled  tight  by  the  assisting  needle  driver.  Tension  in  a 
suture  line  is  then  maintained  by  occasional  locking  sutures  and 
the  appropriate  use  of  an  assistant.  In  clinical  practice,  tension 
on  the  suture  line  is  kept  by  the  assistant  using  a  special  suture 
holder  that  does  not  damage  the  suture  which  has  rounded  jaws. 

Microsurgical  Tying 

This  is  a  precise  choreographed  set  of  actions.  Each  maneuver 
is  designed  to  help  make  the  whole  process  smooth  and 


Chapter  9:  Laparoscopic  Tissue  Approximation  Techniques 


133 


reproducible  with  economy  of  movement  and  structured 
choreography,  so  that  suturing  is  efficient  with  minimum  of 
wasted  time.  Note  the  following  important  points: 

•  The  passive  and  active  role  of  the  holders 

•  The  formation  of  the  initial  “C” 

•  Its  relation  to  the  tail  of  the  suture 

•  The  conscious  assessment  of  position 

•  The  use  of  the  natural  bias  of  the  thread 

•  Appropriate  rotations  of  the  needle  active  and  passive 
needle  holder  that  must  be  manipulated  in  consort 

•  Note  the  importance  of  keeping  the  ends  of  the  two 
needle  holders  in  the  operative  field 

•  Note  the  importance  of  two-handedness  for  efficient 
suturing. 

Steps  of  Surgeons  Knot  (Figs  9. 10A  to  H) 

•  A  “C”  loop  is  made. 

•  The  instrument  of  the  side  of  “C”  should  be  kept  above 
the  “C”  and  two  winds  are  taken  with  the  help  of  right 
instrument. 

•  Winds  are  slipped  in  the  line  of  left  instrument. 

•  Knot  is  tightened  with  the  help  of  both  the  instruments. 

•  First  knot  of  surgeons  knot  is  complete. 

•  A  reverse  “C”  is  made  and  single  wind  is  taken  over  the 
right  instrument  with  the  help  of  left  instrument. 

•  Again  “C”  loop  is  made  and  single  winds  are  taken  to 
complete  surgeons  knot. 

•  Surgeons  knot  contains  double  wrap  on  the  first  throw, 
followed  by  two  opposing,  alternating  single  throws. 

Tumble  Square  Knot  (Figs  9. 11 A  to  G) 

This  is  a  simple  square  knot  which  can  be  changed  to  slipping 
configuration  by  tightening  of  a  same  side  of  thread. 

•  A  square  knot  is  tied. 

•  Same  side  of  thread  should  be  straightened  with  the  help 
of  two  Maryland  or  needle  holders. 

•  After  straightening  of  same  side  of  thread  it  is  ready  to 
slide. 

•  Closed  jaw  of  Maryland  forceps  will  slide  the  knot. 

•  After  tightening,  the  knot  is  locked  again  by  pulling  both 
the  thread. 

•  One  more  knot  is  tied  to  prevent  slipping  of  tumble 
square  knot. 

CONTINUOUS  SUTURING 

It  is  common  practice  to  start  a  continuous  suture  with  a 
Dundee  Jamming  Slip  Knot.  An  equally  acceptable 
alternative  is  an  internal  tied  knot  if  the  surgeon  is  proficient. 

A  continuous  suture  can  be  finished  in  a  number  of  ways. 
We  recommend  the  Aberdeen  termination,  an  internal  tie 
to  a  convenient  tail  or  a  slipping  loop  tied  to  itself. 


Dundee  Jamming  Slip  Knot 

This  is  a  recommended  way  of  starting  a  continuous  suture. 
This  knot  has  an  external  component  but  is  completed,  once 
inside  the  body  cavity,  after  the  first  bite  of  tissue  have  been 
taken. 

The  external  component  has  following  steps: 

•  A  simple  slipping  loop 

•  Passage  of  the  tail  through  the  first  loop 

•  Creating  a  second  loop 

•  Tensioning  of  the  second  loop. 

The  second  loop  should  slip  only  from  the  tail,  the  knot 
should  not  be  tightened  at  this  stage  and  the  length  of  both 
the  loop  and  of  the  tail  should  be  at  least  1  cm. 

Once  inside,  the  knot  is  locked  by  passage  of  the  standing 
part  of  the  suture  through  the  loop,  which  is  then  slipped  to 
lock  the  knot. 

Starting  a  Continuous  Suture 

•  Tie  the  external  component  of  the  Dundee  jamming  slip 
knot  at  the  end  of  an  atraumatic  suture  or  start  with  and 
intracorporeal  surgeons  knot. 

•  Pass  an  atraumatic  grasper  through  an  introducer  tube. 

•  Pick  up  the  suture  at  a  point  mid  way  from  the  tail  of  the 
suture  to  the  needle  tip. 

•  Draw  suture  and  needle  completely  inside  the  introducer 
tube,  being  careful  not  to  slip  the  Dundee  jamming  slip 
knot. 

•  Pass  the  introducer  through  the  11  mm  cannula. 

•  Extrude  the  suture  and  deposit  it  on  a  safe  surface  (e.g. 
the  anterior  surface  of  the  stomach). 

•  Pick  up  the  needle  and  take  the  first  bite  of  the  tissue  or 
tissues  to  be  sutured. 

•  Pull  the  thread  through  until  the  Dundee  jamming  slip 
knot  just  impinges  on  the  tissue. 

•  Pass  the  needle  holder  carefully  through  the  loop  of  the 
Dundee  jamming  slip  knot  and  pick  up  the  thread 
attached  to  the  needle  at  a  point  near  to  its  exit  from  the 
tissues. 

•  Pull  the  needle  holder  and  thread  with  the  trailing  needle 
back  through  the  loop. 

•  Next  take  hold  of  the  tail  of  the  loop  and  the  standing 
part  of  the  thread  and  pull  first  on  the  tail  and  then  on 
the  standing  part,  locking  the  knot. 

•  Trim  the  tail.  You  are  now  ready  to  start  your  continuous 
suture. 

Applications 

It  is  used  in  any  continuous  suture,  e.g.  closure  of 
viscerotomies  following  stapled  anastomosis,  sutured 
anastomosis  such  as  cholecystojejunostomy, 
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Figs  9.10G  and  H 

Figs  9.1  OA  to  H:  Various  steps  of  surgeons  knot 


Figs  9.11A  to  C 


Figs  9.1  ID  to  G 


Figs  9.1 1 A  to  G:  Various  steps  of  tumble  square  knot 


gastrojejunostomy,  etc.  It  can  also  be  used  as  an  interrupted 
suture,  when  additional  one  or  two  hitches  are  advised  for 
security  (in  our  practice  an  internally  tied  knot  would  be 
used  in  preference  for  an  interrupted  suture). 

Aberdeen  Termination 

This  is  an  adaptation  of  a  termination  commonly  used  in 
abdominal  closure  following  open  surgery.  The  continuous 
suture  is  finished  by  the  formation  of  three  interlocking  loops. 
In  order  to  simplify  the  maintenance  of  tension  in  the  suture 
line,  the  penultimate  stitch  can  be  locked.  A  further  bite  is 
then  taken  and  the  suture  pulled  through,  though  not 
completely.  A  small  loop  of  suture  is  left,  enough  that  the 
needle  holder  can  be  passed  through  it  to  pick  up  the 
standing  part  of  the  suture.  A  loop  of  this  is  then  drawn 
through  the  first  loop,  which  is  tightened  down  onto  the 
tissues.  The  needle  holder  is  then  passed  through  the  new 
loop  to  repeat  the  maneuver  three  times. 


It  is  important  that  each  loop  be  tightened  as  you 
proceed.  To  do  this,  tension  must  be  applied  to  the  leg  of 
the  loop,  which  exits,  from  the  tissues  or  the  preceding  loop. 

The  standing  part  and  needle  are  delivered  completely 
through  the  last  loop.  The  standing  part  is  held  up  and  the 
suture  tensioned  with  counter  pressure  from  the  jaws  of 
the  needle  holder  placed  on  either  side  of  the  suture.  The 
suture  is  cut  off  leaving  a  reasonable  length  (approximately 
1  cm). 

INTERRUPTED  SUTURES 

Interrupted  Knots 

Dundee  jamming  loop  knot  is  used  to  create  interrupted 
sutures.  For  additional  safety  a  further  hitch  or  two  are 
recommended  if  it  is  to  be  used  as  an  interrupted  suture. 
More  commonly  interrupted  intracorporeal  sutures  are  made 
by  the  use  of  the  surgeon's  or  the  tumbled  square  knots. 
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Applications  of  Interrupted  Sutures 

Interrupted  sutures  have  a  multitude  of  uses.  Simple 
examples  are  closure  of  the  common  bile  duct  after 
exploration  and  fundoplication. 

Stapled  Anastomosis 

The  use  of  disposable  stapling  guns  has  simplified  a  number 
of  endoscopic  procedures  such  as  the  division  of  vascular 
pedicles  and  gut  anastomosis. 

The  following  important  points  are  emphasized: 

•  Port  positions  for  stapling 

•  Stay  sutures  for  tensioning 

•  Enterotomy  positioning  and  size 

•  Positioning  and  angulations  of  the  instrument  prior  to 
closure 

•  Checking  suture  line 

•  Complete  closure  of  residual  opening 

•  End  to  end  anastomosis  can  also  be  carried  out  by 
stapling  closed  bowel  ends  side  by  side. 

Clinical  Applications 

An  anterior  or  posterior,  side  to  side  anastomosis  of  stomach 
and  jejunum  done  laparoscopically  can  be  a  satisfactory 
palliative  procedure.  Likewise,  a  laparoscopic 
cholecystojejunostomy  may  be  performed  with  stapler  to 
relieve  jaundice  and  itching  in  patients  with  inoperable 
pancreatic  cancer. 

Sutured  Anastomosis 

Sutured  anastomosis  can  be  carried  out  endoscopically, 
although  the  process  is  demanding  in  terms  of  skill  and  time. 
However,  it  is  pertinent  to  note  that  staplers  may  not  always 
be  available,  or  appropriate,  and  even  if  a  stapler  is  used, 
you  require  the  skills  to  perform  a  sutured  closure  if  the 
stapled  anastomosis  is  not  perfect. 

Important  points  to  remember  are: 

•  Port  positioning 

•  Use  of  communication  with  your  assistant 

•  Positioning  of  sutures,  especially  at  the  corners 

•  Spacing  the  sutures  (remember  the  magnification) 

•  Tensioning  of  sutures. 

Direction  of  Suturing 

It  is  important  that  you  suture  at  the  right  height,  ideally 
your  elbows  should  be  held  adducted  and  at  right  angles. 
Keep  your  wrists  loose  and  remember  that  you  have  two 
hands  that  must  manipulate  to  help  each  other.  The 
choreography  is  as  follows: 


•  The  suturing  line  is  started  with  a  'starter  knot'  (surgeons 
or  tumbled  square  knot) . 

•  The  two  needle  holders  must  be  kept  in  view  and  used 
in  concert  with  each  other. 

•  Passage  from  right  to  left  through  the  tissue  edges  (bites 
consisting  of  entry  and  exit  points  with  dominant  needle 
holder. 

•  The  needle  is  picked  up  from  the  exit  point  by  the  passive 
needle  holder  (NH). 

•  It  is  transferred  to  dominant  needle  holder  for  the  next 
bite  if  the  orientation  is  correct.  Otherwise  it  is  dropped 
and  reorientated  in  the  needle  holder.  Once  the  suture 
has  passed  through  the  two  edges,  the  thread  is  pulled 
trough,  handing  the  suture  one  needle  holder  to  the 
other. 

•  The  distance  between  the  suture  bites  must  be 
approximately  equal  to  the  depth  of  the  bites. 

TECHNIQUES  TO  ASSIST  IN  CONTROL 
OF  BLEEDING 

Methods  of  Securing  Hemostasis 

Endoscopic  surgery  is  controlled  almost  entirely  by  vision. 
Any  loss  of  view  will  result  in  loss  of  control  and  a  reduction 
in  safety.  Hemorrhage,  even  to  a  minor  extent,  tends  to 
obscure  the  operative  field  and  consequently  to  be  avoided. 
This  means  that  vessels  of  a  size  that  in  open  surgery  could 
be  divided  without  particular  attention  need  to  be  secured 
prior  to  division  when  working  endoscopically.  Dissection 
must  be  more  meticulous  to  proceed  smoothly  and  you  must 
develop  a  disciplined  approach. 

Magnification  of  tissues  by  the  endoscope  may  initially 
confuse  an  inexperienced  endoscopic  surgeon  as  to  the 
severity  of  the  bleeding.  A  moderate  bleed  can  appear 
torrential  but  an  inexperienced  endoscopic  surgeon  is  well 
advised  to  convert  should  he  have  any  doubt  about  his  ability 
to  control  the  situation  quickly. 

•  Pressure  on  the  area  applied  by  grasping  adjacent  tissue, 
and  using  this  to  overly  and  apply  gentle  pressure  on  to 
the  area. 

•  Compression  with  pledget  swab  if  the  bleeding  is  not 
heavy  until  hemostasis  is  achieved  by  clipping  or 
electrocoagulation  and  the  sucker. 

•  Suction/irrigation  to  identify  the  bleeding  point  prior  to 
securing  it. 

•  Under-running  by  suture  if  the  bleeding  point  cannot  be 
identified. 

•  Argon  spray  coagulation  for  raw  bleeding  areas. 

•  Occluding  the  vessel  with  graspers  before  clipping  it. 

•  Application  of  fibrin  and  other  glues  or  hemostatic 
agents. 
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Avoid  Blind  Coagulation 

Control  the  initial  bleeding  and  then  take  your  time  to  identify 
the  bleeding  point.  In  anatomically  crowded  areas  containing 
important  structures,  it  may  be  advisable  to  allow  time  for 
the  bleeding  to  stop  by  compression  for  one  or  two  minutes. 
If  bleeding  cannot  be  controlled  inside  within  5  minutes, 
serious  consideration  should  be  given  for  conversion  to  open 
surgery.  This  period  should  be  shorter  if  bleeding  is  massive 
or  arterial. 

Suction  and  Irrigation 

The  availability  of  suction  and  irrigation  is  as  important  for 
hemostasis  in  endoscopic  surgery  as  gauze  swabs  are  in 
open  surgery.  When  bleeding  does  occur  irrigation  can  assist 
in  visualization  of  the  bleeding  point  and  suction  removes 
pooled  blood  and  clears  clots  from  the  operative  site.  In 
addition,  the  irrigation  activates  Hageman  factor  and  thus 
initiates  spontaneous  hemostasis. 

Heparanized  Hartmann’s  solution  (1000  units  per  500 
ml  bag)  is  ideal  if  clots  are  present.  This  solution  is  preferred 
to  normal  saline  because  of  its  lesser  conductivity,  an 
important  consideration  when  using  monopolar  HF 
electrocautery.  The  heparin  also  reduces  the  stickiness  of 
the  instruments  and  thus  improve  handling  especially  of 
suture  and  ligature  materials.  It  also  aids  removal  of  pooled 
blood.  The  bag  of  fluid  is  placed  in  a  Fenwell  pressure  bag 
raised  to  200  mm  Hg  and  hung  from  a  drip  stand.  As  the 
contents  of  the  bag  are  used  the  pressure  needs  to  be 
maintained.  There  are  several  pressurized  irrigation  systems 
available,  some  heat  the  irrigating  fluid  to  body  temperature, 
other  provide  pulse  irrigation  which  is  helpful  from  breaking 
up  blood  clots  and  cleaning  the  peritoneal  gutters. 

Suction  and  irrigation  are  also  essential  to  deal  with 
leakage  from  ultra-abdominal  organs,  e.g.  bile  leakage, 
bowel  content,  perforated  ulcer,  appendicitis.  In  these  acute 
emergency  situations,  laparoscopic  abdominal  lavage  of  the 
peritoneal  quadrants  is  aided  by  shaking  the  patient  from 
side  to  side  and  changing  the  position  of  the  operating  table 
(head  up,  head  down  and  sideways). 
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Hand-assisted  Laparoscopic  Surgery 


INTRODUCTION 

In  hand-assisted  surgery,  the  surgeon  can  insert  a  hand 
through  a  small  incision  via  a  special  pressurized  sleeve. 
The  surgeon  makes  a  small  incision  in  the  abdomen  and 
inserts  his  hand  into  the  patient’s  body  (Figs  10.1  and  10.2). 

Hand-assisted  laparoscopic  surgery  (HALS)  devices 
allow  for  the  introduction  of  the  surgeon’s  non-dominant 
hand  into  the  peritoneal  cavity  without  loss  of  the 
pneumoperitoneum.  The  use  of  hand-assisted  techniques 
in  difficult  cases  facilitates  the  surgical  procedure  and  offers 
an  interesting  alternative  to  the  purely  laparoscopic 
approach. 

Hand-assisted  laparoscopic  surgery  allows  for  a 
reduction  in  the  number  of  trocars  compared  to  the  purely 
laparoscopic  approach.  The  proper  placement  of  the  hand- 
assist  device  is  one  of  the  fundamental  principles  of  HALS. 
The  hand-assisted  device  should  never  be  placed  directly 


Open 

or 

Laparosocopy 

or 


HALS 


Fig.  10.1:  Options  before  a  laparoscopic  surgeon 


over  the  operative  field.  According  to  the  principle  of 
triangulation,  the  handassisted  device  is  ideally  placed  in 
the  same  position  as  that  of  the  nondominant  operating 
trocar  in  the  purely  laparoscopic  approach  (Fig.  10.3). 

Hand  is  ideal  for  sensory  perception  and  to  guide  the 
surgical  instruments.  Surgeon  can  manipulate  with  his  other 
hand  while  observing  the  procedure  on  a  monitor.  With 
both  a  hand  and  laparoscopic  instruments  doing  the  work, 
the  surgeon  has  more  control  over  the  operation  and  sense 
of  depth  and  sensation  of  touch  which  cannot  be  gained 
through  the  lens  of  a  camera.  The  large  organ  can  be 
removed  intact,  making  it  possible  to  evaluate  the  cancer. 
The  hand-assisted  approach  is  also  considered  better  for 
surgeons  who  are  still  learning  laparoscopic  techniques. 
Hand-assisted  laparoscopic  surgery  is  the  use  of  the 
nondominant  hand  intra-abdominally,  together  with  the 
laparoscopic  instruments  in  dominant  hand. 


Fig.  10.2:  Positioning  through  the  abdominal  wall 
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Fig.  10.3:  Introduction  of  instruments 


The  introduction  of  the  surgeon’s  hand  via  the  hand- 
assisted  device  allows  for  tactile  feedback  and  complements 
the  information  obtained  visually.  Hand-assisted 
laparoscopic  surgery  greatly  facilitates  mobilization  of  the 
organs  and  helps  for  identification  of  proper  dissection  plane, 
thus  minimizing  oozing  and  blood  loss.  Hand-assisted 
laparoscopic  surgery  offers  several  real  advantages  during 
the  procedure  resulting  in  a  significant  time  gain.  This  is 
especially  true  in  obese  patients  as  well  as  in  cases  of 
significant  abdominal  adhesions  (Fig.  10.4). 

The  size  of  the  incision  for  placement  of  the  hand  cannula 
is  determined  by  the  size  of  the  surgeon’s  glove.  A  retractor- 
protractor  which  is  an  open  ended  plastic  cylinder  with  a 
malleable  ring  at  each  end  is  then  introduced  into  the 
abdominal  cavity  through  the  incision.  This  provides  a  seal 
for  the  skin  wound  both  at  the  peritoneal  and  skin  sites  and 
keeps  the  incision  open  and  also  protects  the  wound  against 
contamination  by  bacteria  and  malignant  cells.  The 
pneumosleeve  is  fitted  under  hand  cannula  and  manipulated 
to  achieve  the  best  possible  angle  for  the  surgeon’s  arm 
during  dissection.  The  adhesive  packing  is  removed  and 
the  flanges  are  secured  to  the  skin.  A  one  way  valve  located 
in  the  sleeve’s  lumen  prevents  gas  escaping  from  the 
abdomen  (Fig.  10.5). 

An  additional  cover  is  placed  on  the  surgeon’s  arm, 
which  is  impermeable  to  gas.  The  pneumosleeve  is  entered 
and  secured  to  the  surgeon’s  upper  arm  by  means  of  a  Velcro 
band  to  prevent  gas  escape.  The  hand  is  then  placed  through 
the  hand  cannula  into  the  abdomen.  Hand-assisted 
laparoscopic  surgery  (HALS),  open  and  laparoscopic 
procedure  is  compared  in  Table  10.1. 

Hand-assisted  laparoscopic  surgery  (HALS)  is  the  use 
of  the  non-dominant  hand  through  a  hand  port  device.  It  is 
an  important  adjunctive  tool  with  other  laparoscopic 
instruments.  The  hand  port  will  be  fixed  via  a  mini¬ 


Fig.  10.4:  Working  through  the  port 


laparotomy  incision,  aiming  for  a  safe  maintenance  of  intra¬ 
abdominal  gas  throughout  the  operative  procedure.  The 
main  indication  for  HALS  is  in  advanced  and  complex 
laparoscopic  surgical  procedures. 

Rationale  behind  HALS  is  that  laparoscopic  surgery  can 
be  used  for  both  simple  and  complex  procedures. 
Disadvantages  of  total  laparoscopic  surgery: 

•  Loss  of  direct  tactile  sensation 

•  Difficult  hand-eye  coordination 

•  Multiple  times  instrument  change 

•  Conversion  rate  in  complex  abdominal  procedures. 
“Hand  port”  system  allows  surgeons  the  ability  to  insert 

a  hand  into  the  patient  to  gain  a  tactile  sense  during 
laparoscopic  surgical  procedures.  This  is  a  real  improvement 
over  previous  techniques  which  precluded  a  surgeon  from 
gaining  information  through  touch.  Commercially  available 
to  date  and  approved  by  the  FDA  are  Dexterity  Device, 
Intromit,  Hand  port  and  Omni  port.  Omni  port  has  been 


Table  10.1 :  Comparison  of  HALS,  open  and  laparoscopic  procedure 


Feature 

HALS 

Open 

Laparoscopic 

Tactile  feedback 

Yes  (  +  +  +  ) 

Yes  (  +  +  +  +) 

No 

Minimal  access 

Yes  (  +  ) 

No 

Yes  (  +  +  +  +  ) 

Hand-eye 

co-ordination 

Easy  ( + ) 

Easy  (  +  +  +  +  ) 

Difficult 

Tissue  retrieval 

Easy  ( +  + ) 

Easy  (  +  +  +  +) 

Difficult 

Postoperative 

recovery 

Fast  ( +  + ) 

Slow 

Fast  ( +  +  +  + ) 

Operative  time 
(+  +  +  +  ) 

More  (  +  ) 

Less 

More 

Interior  mileu 

Yes  (  +  +  ) 

No 

Yes  (  +  +  +  +) 

Cancer  surgery 

Yes  (  +  +  +  +  ) 

Yes  (  +  +  +  +) 

No 

Cosmetic 

Yes  (  +  +  ) 

No 

Yes  (  +  +  +  +  ) 

142 


Section  1 :  Essentials  of  Laparoscopy 


extensively  studied  by  Europe  University,  Dundee  University 
as  well  as  being  clinically  applied  with  success  in  the  repair 
of  abdominal  aortic  aneurysms  in  Germany  and  USA. 
Pneumo-access  bubble  is  one  of  the  great  advances  by 
Cuschieri  and  Shapiro,  allowing  complete  visual  access  with 
the  hand  inside  and  pneumoperitoneum  safely  maintained. 

HAND  PORT  DEVICES 

Devices  connected  to  abdomen  by  adhesive  flange: 

•  Dexterity  (Inc.,  Roswell,  GA,  USA) 

•  IntroMit  (Medtech  Ltd.,  Dublin,  Ireland). 

Kissing  Balloon  Principle 

Hand  port  device  (Smith-Nephew  PLC,  England). 

Single  Piece  Devices 

•  LapDisc  (Hakko  Medical,  Japan) 

•  Omni  port  (Advanced  Surgical  Concepts  Ltd.,  Ireland). 
The  IntroMit  is  a  single  piece  device  that  requires  an 

adhesive  to  be  secured  to  the  body  wall.  There  is  no  sleeve 
required  and  the  device  can  be  placed  without  a 
pneumoperitoneum . 

In  the  Hand  port  system,  the  surgeon  must  wear  a  sleeve 
that  attaches  to  the  inflatable  base  of  the  device.  Insertion 
or  removal  of  the  hand  from  the  abdomen  requires  removal 
of  the  sleeve  from  the  device,  causing  an  immediate  loss  of 
pneumoperitoneum . 

The  Gel  port  is  a  three  piece  device  that  uses  a  wound 
protecting  sheath  (inner  ring),  a  wound  retractor  (outer  ring) 
and  a  gel  seal  cap  that  affixes  to  the  wound  retractor.  The 
seal  that  is  created  maintains  pneumoperitoneum,  even 
without  the  insertion  of  the  surgeon’s  hand.  Removal  of  the 
surgeon’s  hand  from  the  abdominal  cavity  does  not  cause 
loss  of  pneumoperitoneum.  Moreover,  the  gel  seal  cap  can 
be  pierced  by  a  trocar  or  accessory  instrument  while 
maintaining  a  seal  at  the  puncture  site.  The  large  surface 
area  of  this  device  requires  an  adequate  area  for  application 
on  the  body  wall  and  may  not  be  ideal  for  lower-quadrant 
hand  incisions  in  smaller  patients.  However,  a  unique  benefit 
of  this  device  is  that  it  permits  the  insertion  instruments 
through  the  gel  seal  cap  even  while  the  hand  is  inserted  in 
the  abdomen. 

The  Omni  port  is  an  inflatable  device  through  which  the 
surgeon  can  rapidly  remove  and  reinsert  the  hand  without 
losing  pneumoperitoneum.  The  device  also  can  be 
insufflated  to  maintain  pneumoperitoneum  without  hand 
insertion,  allowing  an  accessory  trocar  and  instrument  to 
be  inserted  through  this  device  (Figs  10.6  to  10.8). 

The  LapDisc  consists  of  inner  and  middle  rings  that  are 
connected  by  a  silicone  membrane  spanning  the  abdominal 
wall.  A  third  outermost  ring  rotates  on  the  middle  ring  and 
acts  as  an  iris,  which  is  tightened  to  seal  the  device  around 
the  surgeon’s  arm.  There  are  no  pieces  that  require  assembly 
with  this  device  and  insertion  is  quick  and  simple.  This  device 


Fig.  10.5:  Hand-assisted  laparoscopic  surgery 


Fig.  10.6:  Omni  port  inflated 


Fig.  10.7:  Omni  port  deflated 
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has  the  smallest  diameter  (12  cm)  and  can  be  placed  on 
most  abdominal  walls  without  interfering  with  the  placement 
of  adjacent  trocars  (Figs  10. 9A  and  B). 

OMNI  PORT 

Omni  port  is  preferred  device  because  it  is: 

•  Single 

•  Simple  component 

•  Easy  to  insert 

•  Comfortable 

•  Efficient  pneumatic  seal. 

INDICATION  OF  HALS 

Hand-assisted  laparoscopic  surgery  is  a  new  addition  to 
minimal  access  surgery.  It  has  a  great  potential.  Many  surgical 


Fig.  10.8:  HALS  with  Omni  port 


operations,  from  the  simplest  to  the  very  complicated,  are 
greatly  facilitated  by  the  introduction  of  the  hand  into  the 
laparoscopic  arena.  It  is  therefore  purposefully  designed  in 
assisting  the  surgeon  for  complex  intra-abdominal  operation 
to  be  done  with  total  laparoscopy.  It  stimulated  many 
vascular  surgeons  throughout  the  world  to  reintroduce  it 
into  repair  of  complex  and  challenging  abdominal 
vasculature.  Nephrectomy,  splenectomy,  colorectal  surgeries 
are  nicely  performed  through  hand-assisted  technique. 

ADVANTAGE  OF  HALS 

•  Restored  tactile  feedback 

•  Preserving  the  main  idea  of  minimal  access  surgery 
(MAS) 

•  A  mini-laparotomy  hand  port  incision 

•  Reduced  conversion  rate  in  total  laparoscopy 

•  Enhanced  safety  and  efficiency  allowing  the  completion 
of  the  operation  with  a  hand  inside 

•  Maintenance  of  the  intra-abdominal  pressure  to  facilitate 
the  better  view  and  magnification  of  laparoscopic 
telescope 

•  Improving  the  steep  learning  curve  for  inexperienced 
surgeons 

•  Promising  reduced  cost-benefit  ratio. 

LIMITATIONS  OF  HALS 

Limitations  can  be  summarized  as: 

•  Fatigue 

•  Possible  impaired  tactile  feedback  through  a  lengthy 
complex  procedure 

•  Minor  ergonomic  restriction  is  due  to  the  crowdness  of 
the  hand  with  the  instruments 


Figs  10.9A  and  B:  LapDisc 
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•  Not  well  accepted  by  patient  and  surgeons  because  there 
is  already  a  mini-laparotomy. 

•  Cosmetically  inferior  than  total  laparoscopic  surgery. 

LAPDISC  HAND  ACCESS  DEVICE 

This  essential  product  information  sheet  does  not  include  all 

of  the  information  necessary  for  selection  and  use  of  a  device. 

Indications 

•  The  LapDisc  hand  access  device  is  intended  to  provide 
extracorporeal  extension  of  pneumoperitoneum  and 
abdominal  access  for  the  surgeon  during  laparoscopic 
surgery. 

•  The  LapDisc  is  indicated  for  use  in  laparoscopic 
procedures,  where  entry  of  the  surgeon’s  hand  may 
facilitate  the  procedure,  and  for  extraction  of  large 
specimens. 

•  The  LapDisc  has  application  in  colorectal,  urological  and 
general  surgical  procedures.  This  indication  for  use 
includes  the  specific  procedures  which  fall  under  these 
broad  categories. 

Contraindications:  None  known. 

WARNINGS  AND  PRECAUTIONS 

•  Minimally  invasive  procedures  should  be  performed  only 
by  persons  having  adequate  training  and  familiarity  with 
minimally  invasive  techniques,  including  laparoscopic, 
hand-assisted  laparoscopic  and  open  surgical 
procedures.  Consult  medical  literature  relative  to 
techniques,  complications,  and  hazards  prior  to 
performance  of  any  minimally  invasive  procedure. 

•  Minimally  invasive  instruments  may  vary  from 
manufacturer  to  manufacturer.  When  minimally  invasive 
instruments  and  accessories  from  different  manufacturers 
are  employed  together  in  a  procedure,  verify 
compatibility  prior  to  initiation  of  the  procedure. 

•  A  thorough  understanding  of  the  principles  and 
techniques  involved  in  laser,  electrosurgical,  and 
ultrasonic  procedures  is  essential  to  avoid  shock  and 
burn  hazards  to  both  patient  and  medical  personnel  and 
damage  to  the  device  or  other  medical  instruments. 
Ensure  that  electrical  insulation  or  grounding  is  not 
compromised.  Do  not  immerse  electrosurgical 
instruments  in  liquid  unless  they  are  designed  and  labeled 
to  be  immersed. 

LD1 11 -Precaution 

•  This  device  should  not  be  used  in  patients  with 
abdominal  wall  thickness  greater  than  5  cm,  or  incisions 
less  than  5  cm  in  length. 


•  Do  not  use  the  device  where  the  incision  length  is  greater 
than  9  cm  as  loss  of  pneumoperitoneum  may  occur. 

LD1 12-Precaution 

•  This  device  should  be  used  in  patients  with  abdominal 
wall  thickness  greater  than  5  cm  and  less  than  or  equal 
to  9  cm. 

•  Do  not  use  the  device  where  the  incision  length  is  greater 
than  9  cm  as  loss  of  pneumoperitoneum  may  occur. 

•  If  pneumoperitoneum  occurs: 

1.  Fully  close  the  iris  valve 

2.  Place  damp  gauze  underneath  the  LapDisc,  between 
the  lower  ring  and  the  fascia,  to  stop  the  air  flow. 

•  Do  not  allow  sharp  instruments  such  as  forceps  to  come 
in  contact  with  the  silicone  rubber  sleeves  as  puncture 
or  tearing  may  occur. 

•  Do  not  lay  surgical  instruments  on  the  LapDisc  or  allow 
metal  or  sharp  surgical  instruments  to  come  in  contact 
with  the  LapDisc  as  this  may  weaken  or  damage  the 
flexible  silicone  membranes. 

•  Sterile,  water-soluble  lubricant  should  be  applied  to  the 
dorsum  of  the  gloved  hand  prior  to  insertion  through 
the  LapDisc.  Unlubricated  hands  may  cause  significant 
friction  and  tear  the  device. 

•  Do  not  remove  the  hand  with  the  iris  valve  closed  as  it 
may  tear  the  device. 

•  Do  not  overtighten  the  iris  valve. 

•  Use  caution  when  opening  the  iris  valve  when  the 
abdomen  is  insufflated,  as  rapid  loss  of 
pneumoperitoneum  may  occur. 

•  After  removing  the  instrument,  inspect  the  site  for 
hemostasis.  If  hemostasis  is  not  present,  appropriate 
techniques  should  be  used  to  achieve  hemostasis. 

•  Instruments  or  devices  which  come  into  contact  with 
bodily  fluids  may  require  special  disposal  handling  to 
prevent  biological  contamination. 

•  Dispose  of  all  opened  instruments  whether  used  or 
unused.  Do  not  resterilize  the  instrument.  Resterilization 
may  compromise  the  integrity  of  the  device  which  may 
result  in  unintended  injury. 

FUTURE  PROSPECT  OF  HALS 

There  are  general  and  specific  limitations,  awaiting 
multicenter  prospective  randomized  trials  in  order 
to  compare  HALS  in  various  major  intra-abdominal 
procedures  with  the  traditional  open  surgery  (Fig.  10.10). 
Hand-assisted  laparoscopic  surgery  (HALS)  can  be  used 
for  all  major  complex  abdominal  surgeries  like: 

•  Splenectomy 

•  Nephrectomy 

•  Morbid  obesity  surgery 
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Fig.  10.10:  Hemicolectomy  with  HALS 


•  Pancreatectomy 

•  Nissen  fundoplication 

•  Esophagectomy 

•  Rectopexy 

•  Repair  of  abdominal  aortic  aneurysm. 

Hand-assisted  laparoscopic  surgery  is  technically  much 

easier  than  total  laparoscopy  in  advanced  abdominal 

procedures.  It  can  help  the  beginning  laparoscopic  surgeon 

to  practice  such  major  operations. 
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Chapter 


Tissue  Retrieval  Technique 


One  of  the  limitations  of  minimal  access  surgery  is  difficulty 
in  retrieval  of  tissue.  Previously  surgeons  were  reluctant  to 
perform  many  of  the  advanced  surgical  procedure  due  to 
this  difficult  procedure.  New  techniques  for  removing  tissue 
have  helped  increase  the  number  and  types  of  laparoscopic 
surgeries  that  can  be  done  laparoscopically. 

Safe  removal  of  tissue  is  an  important  consideration  in 
laparoscopic  surgery  and  applies  to  all  specimens  irrespective 
of  whether  they  are  thought  to  be  benign  or  malignant.  The 
importance  of  wound  protection  is  shown  by  considering 
laparoscopic  cholecystectomy  for  symptomatic  gallstone 
disease.  Most  of  the  gallbladders  at  the  time  of  retrieval  can 
be  squeezed  out  through  an  unprotected  port  wound.  At 
the  time  of  extraction  exit  wound  must  be  of  sufficient  size, 
and  wound  protection  should  be  used  to  ensure  that  there 
is  no  contact  between  the  specimen  and  the  abdominal  wall 
during  removal.  We  all  know  that  the  incidence  of 
unsuspected  gallbladder  cancer  is  between  0.5  and  1  percent 
and  there  are  reported  cases  of  port  site  tumor  nodules 
because  of  implantation  of  tumor  cells  after  extraction  of 
the  gallbladder  through  an  unprotected  wound. 

Tissue  reduction  enables  extraction  through  small 
wounds  but  can  be  used  only  for  benign  specimens.  Tissue 
reduction  can  be  carried  out  by  various  techniques,  including 
mechanical  fragmentation  and  morcellation.  It  should  be 
done  inside  a  rip  proof  bag  whenever  possible.  This  is 
essential  for  laparoscopic  splenectomy  to  prevent 
implantation  of  splenic  fragments  on  the  serosal  surfaces, 
which  leads  to  splenosis  (Fig.  11.1). 

Most  commonly  the  resected  tissue  should  be  hidden 
under  port  and  then  everything  should  come  together  with 
port.  This  technique  is  used  for  most  of  the  small  size  organs 
like  appendix,  gallbladder,  small  ovarian  cyst,  ectopic 
pregnancy,  salpingectomy,  small  oophorectomy,  etc. 


Fig.  11.1:  Appendix  hidden  within  cannula 


ENDOBAGS 

In  some  cases,  the  tissue  to  be  removed  is  first  encased  in  a 
specimen  retrieval  bag.  These  tissue  retrieval  bags  are 
available  in  market  and  can  be  prepared  by  surgeon  himself 
at  the  time  of  laparoscopic  surgery  (Fig.  11.2A). 

For  infected  tissue  and  in  case  of  suspected  carcinoma, 
tissue  retrieval  bag  should  be  used.  Many  sizes  of  disposable 
tissue  retrieval  bags  are  available  and  hard  rim  of  these 
retrieval  bags  are  easy  to  negotiate  inside  the  abdominal 
cavity  (Figs  11. 2B  to  D). 

One  can  easily  make  the  retrieval  bag  by  tying  and  cutting 
the  fingers  of  sterilized  gloves.  If  the  gloves  used  for  the 
retrieval  of  tissue,  it  should  be  used  carefully.  It  should  not 
puncture  while  removing  from  the  abdominal  cavity  (Fig. 
11.3). 
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Figs  11. 2A  to  D:  Disposable  endobags 


Fig.  11.3:  Endobags 


The  glove  is  kept  stretched  while  one  assistant  will  tie  it 
in  the  middle  (Figs  11. 4A  and  B). 

Keeping  it  stretched  will  create  a  good  dumbbell  after 
knotting  and  so  there  is  no  chance  of  slipping  of  knot  inside 
the  abdominal  cavity  (Fig.  11.5). 

The  latex  material  used  to  manufacture  gloves 
sometimes,  react  with  human  tissue  and  it  can  create  a 
problem  if  the  glove  is  punctured  and  a  piece  of  latex  is  left 
inside  human  body.  Most  commonly  this  torn  piece  of  gloves 
can  be  missed  in  the  layers  of  abdominal  wall  (Fig.  11.6). 


At  the  time  of  introduction  of  glove  endobag,  it  should 
be  held  by  its  cut  end  and  kept  stretched  over  the  shaft  of 
grasper  to  decrease  its  thickness  (Fig.  11.7). 

The  polythene  covering  of  ryels  tube  can  also  be  used 
as  inexpensive  readymade  retrieval  bag.  This  is  sterilized 
and  open  at  one  end  (Figs  11. 8A  and  B). 

These  polythene  bags  can  be  used  as  excellent  retrieval 
pouch  if  used  carefully.  The  polythene  bags  has  one  demerit 
that  some  time  the  edges  are  difficult  to  find  out  because  it 
is  transparent  and  secondly  because  it  is  thin  and  does  not 
have  elastic  property  like  gloves  so  it  slips  easily  after  once 
held  by  grasper  (Figs  11. 9A  to  E). 

Drawback  of  this  self-made  retrieval  bag  is  that  they  do 
not  have  hard  ream  so  it  is  difficult  to  manipulate  inside  the 
abdominal  cavity. 

These  bags  can  be  introduced  inside  the  abdominal 
cavity  through  10  mm  ports.  In  special  circumstances  if  there 
is  difficulty  is  found  it  can  be  introduced  directly  through 
the  port  wound  after  withdrawing  the  cannula. 

Once  the  retrieval  bag  is  inside  it  should  be  positioned 
in  free  abdominal  space  and  the  rim  of  bag  should  be 
stabilized  with  nondominant  hand  and  dominant  hand 
should  be  used  to  put  the  specimen  inside.  Once  the  bag  is 
inside  the  abdominal  cavity  both  the  edges  of  the  retrieval 
bag  should  be  lifted  to  displace  the  specimen  into  the  base 
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Figs  11. 4A  and  B:  Making  endobag  with  glove 


Fig.  11.5:  Glove  endobag 


Fig.  11.7:  Using  glove  endobag 


of  the  bag  (Figs  11.10A  and  B).  Condom  can  also  be  used 
for  retrieving  tissue.  Lubricated  condom  should  be  avoided 
because  it  can  cause  tissue  reaction. 

To  take  the  specimen  out,  surgeon  should  hide  the  mouth 
of  retrieval  bag  inside  the  cannula  by  pulling  it  and  then  the 
cannula  together  with  the  neck  of  bag  is  pulled  outside  the 
abdominal  cavity. 

Once  the  neck  of  the  bag  is  out,  its  opening  is  stretched 
by  the  help  of  assistant.  Ovum  forceps  can  be  introduced 
inside  to  morcellate  the  tissue  manually  if  there  is  difficulty 
in  pulling  the  bag  out  (Fig.  11.11). 

COLPOTOMY 

For  large  size  gynecological  tissue,  colpotomy  route  is  good 
for  retrieval.  Colpotomy  can  be  done  laparoscopically  with 


Fig.  11.6:  Way  of  introducing  endobag 
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Figs  11. 8A  and  B:  Polypropylene  endobag 


Figs  1 1 .9A  to  E:  Introduction  of  tissue  in  endobag 


Figs  11.10A  and  B:  Neck  of  endobag  pulled  outside  the  abdominal  wall 
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Fig.  11.11:  Morcellation  of  tissue  through  endobag 


the  help  of  heal  of  hook.  Counter  pushing  by  other 
instruments  is  effective.  Sponge  over  sponge  holding 
forceps  is  inserted  in  posterior  vaginal  fornix  by  one 
assistant  and  surgeon  cuts  the  vaginal  fascia  between  both 
the  uterosacral  ligaments  with  the  heel  of  hook  (Figs  11.12A 
to  D). 

HAND-ASSISTED  LAPAROSCOPIC  SURGERY 

Hand-assisted  technique  was  initially  started  keeping  inside 
ease  of  tissue  retrievals,  wherein  the  surgeon  uses  his  or  her 
hand,  inserted  through  the  initial  incision,  to  aid  in  the 
exploration,  isolation,  and  removal  of  tissue. 

Hand-assisted  technique  offers  distinct  advantages,  the 
superior  visualization  afforded  by  the  laparoscope  and  a 
tactile  component  that  is  important  in  many  aspects  of 
surgery  and  has  allowed  surgeons  to  apply  a  less  invasive 


Figs  11.12A  to  D:  Colpotomy 
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approach  to  surgeries  that  previously  could  not  have  been 
done  laparoscopically. 

Hand-assisted  laparoscopy  can  also  serve  as  a  bridge 
between  open  surgery  and  straight  laparoscopy,  making  it 
easier  for  surgeons  to  practice  and  learn  the  skills  necessary 
for  performing  laparoscopic  procedures. 

MORCELLATOR 

Use  of  morcellator  is  another  way  which  facilitates  grinding 
of  solid  tissue  and  then  these  can  be  taken  out  without  any 
difficulty.  Recently  many  companies  have  launched  battery 
operated  morcellator.  The  morcellator  is  important 
instrument  for  tissue  retrieval  in  myomectomy  and 
splenectomy  (Fig.  11.13). 

One  of  the  early  concerns  about  laparoscopic  procedures 
in  cancer  patient  was  that  they  caused  port  site  metastases, 
i.e.  the  appearance  of  recurrent  tumor  tissue  at  the  site  of 
trocar  entry  (Figs  11.14A  to  D). 


Figs  11.13:  Electrical  morcellator 


Figs  11.14A  to  D:  Different  type  of  morcellator 
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Figs  11.15A  and  B:  Morcellation  of  tissue 


Cancer  surgery,  however,  poses  some  unique  challenges 
that  make  the  application  of  laparoscopic  surgery  in 
oncology  more  problematic.  It  is  critically  important  in  cancer 
that  whole  organs  should  be  removed  intact  (en  bloc)  so 
that  pathologists  can  properly  examine  them  and  measure 
and  document  the  depths  and  margins  of  tumor  invasion. 
A  second  concern  for  surgical  oncologists  is  cell  transfer  or 
cell  spillage.  Diseased  tissue  must  be  removed  without 
contaminating  adjacent  tissues  and  structures  with  cancer 
cells.  Because  of  these  concerns,  tissue  morcellation,  a 
technique  commonly  used  in  noncancer  laparoscopic 
surgery  in  which  the  tissue  is  divided  into  pieces  so  that  it 
can  be  removed  more  easily  should  not  be  used  for  oncologic 
procedures.  All  the  10  mm  or  greater  than  10  mm  defects 
should  be  closed  properly  to  prevent  any  future  possibility 
of  hernia  (Figs  11.15A  and  B). 

The  suture  passer  should  be  used  to  pass  the  thread  and 
then  it  should  be  tied  externally. 

Especially,  designed  port  closure  instruments  are  also 
available  commercially. 

If  port  is  suddenly  taken  out,  the  chances  of  port  site 
hernia  and  adhesion  is  much  higher.  It  is  a  good  practice  to 
insert  some  blunt  instrument  while  removing  the  last  port 
out,  to  prevent  entrapment  of  omentum  or  bowel  content. 

After  closing  the  rectus  sheath  the  skin  can  be  closed  by 
intradermal,  skin  stapler  or  by  any  of  the  surgical  skin  glues 
available. 
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Laparoscopic  Port  Closure  Technique 


Minimally,  invasive  laparoscopic  surgery  has  revolutionized 
the  way  surgery  is  performed  for  an  increasing  number  of 
patients.  Incisional  hernia  can  occur  after  any  abdominal 
surgery  and  laparoscopic  surgery  is  not  immune  to  this 
complication.  The  hernia  that  follow  laparoscopy  usually 
occur  through  the  larger  ports  (size  greater  than  10  mm), 
especially  the  umbilicus. 

Predisposing  factors  include: 

•  Previous  laparoscopies 

•  Extensive  manipulation  during  surgery 

•  Increased  intra-abdominal  pressure 

•  Obesity 

•  Use  of  sharp  cutting-tip  trocars 

•  Rapid  abdominal  deflation  at  the  end  of  surgery 

•  Poor  port  removal  techniques  and  defective  closure  of 
the  abdominal  fascia 

•  Wound  extension 

•  Male  sex 

•  Infection  of  the  wound 

•  Pre-existing  umbilical  defects 

•  Postoperative  chest  infections 

•  Pre-existing  diseases  such  as  diabetes  mellitus 

•  Connective  tissue  disorders 

•  Job  profile  of  the  patient  (weight  lifting). 

Among  all  these  factors,  the  single  most  important  factor 
remains  the  improper  closure  of  the  fascial  defects  at  the 
port  sites  (Figs  12.1  and  12.2).  The  diagnosis  is  often  delayed 
because  most  cases  present  late,  and  treatment  might  be 
instituted  along  other  lines.  Computed  tomography  scans 
are  helpful  in  its  diagnosis  and  will  facilitate  prompt  treatment 
to  avoid  the  grave  consequence  of  bowel  gangrene. 


The  hernia  may  become  evident  at  any  time  following 
laparoscopic  surgery  and  the  patient  may  either  have  an 
uncomplicated  hernia,  or  may  be  afflicted  with  a  variety  of 
complications  such  as  evisceration  of  the  bowel  or  omentum 
and  it  may  become  a  cause  of  significant  morbidity. 
Meticulous  closure  of  the  fascia,  avoidance  of  unnecessary 
wound  extension,  the  use  of  non-absorbable  sutures  when 
faced  with  defects  more  than  2  cm  in  size,  completely 
defining  the  extent  of  any  pre-existing  hernia  and  repairing 
this  at  the  time  of  port  site  closure,  are  recommended  to 
minimize  the  incidence  of  port  site  hernia  after  laparoscopic 
surgery. 


Fig.  12.1:  Proper  closure  of  port  greater  than  10  mm  is  essential 
to  prevent  hernia 
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Whilst  surgical  techniques  and  instrumentation  have 
made  significant  advances,  it  is  usual  that  the  surgical  incision 
is  closed  using  invasive  suturing  techniques  or  by  the  use  of 
tapes  or  by  the  use  of  topical  cyanoacrylate  skin  adhesives 
(TCAs)  for  closure  of  surgical  wounds.  The  incidence  of 
incisional  hernia  occurring  at  the  port  sites  after  laparoscopic 
surgery,  lies  between  0.02  to  3.6  percent  and  usually  remains 
unreported,  until  the  development  of  complications. 

Any  port  closure  technique  should  have  following 
characteristics: 

•  Effective  (strong  and  secure)  surgical  wound  closure 

•  Faster  wound  closure 

•  Better  scar  cosmesis 

•  Occlusive  microbial  wound  dressing 

•  Less  tissue  trauma,  reduced  inflammatory  reaction 

•  No  requirement  for  suture/staple  removal 

•  Easy  to  use/simple  learning  curve 

•  Reduced  risk  of  needlestick  injury — safety  and  costs 

•  Cost-effective. 

WITHDRAWAL  OF  INSTRUMENT  AND  PORTS 

Once  the  surgery  is  finished,  all  the  instrument  should  be 
removed  carefully  under  vision.  All  the  accessory  port  should 
be  removed  and  the  gas  is  removed  by  releasing  the  valve 
of  10  mm  cannulas.  The  primary  port  should  be  taken  out 
in  the  end  (Fig.  12.3). 

If  last  port  is  suddenly  withdrawn,  sudden  suction  effect 
of  cannula  can  pull  the  omentum  or  bowel  inside  the  port 
wound,  the  chances  of  port  site  hernia  and  adhesion  is  much 
higher  in  this  case.  It  is  a  good  practice  to  insert  some  blunt 
instrument  or  telescope  inside  the  abdomen  while  removing 


the  last  cannula  out  over  that  instrument,  to  prevent 
inadvertent  entrapment  of  omentum  or  bowel. 

The  access  technique  will  result  in  breach  in  continuity 
of  abdominal  wall  which  need  to  be  repaired  at  the  end  of 
surgery.  All  the  10  mm  or  greater  than  10  mm  port  should 
be  repaired  properly  to  prevent  any  future  possibility  of 
hernia.  The  rectus  sheath  should  be  sutured  with  vicryl.  Only 
one  stitch  is  required  in  middle  which  will  convert  10  mm 
wound  into  5  mm.  The  5  mm  port  wounds  are  not  necessary 
to  repair. 

Laparoscopic  Port  Closure  Instruments 

Various  types  of  port  closure  instruments  are  available.  The 
suture  passer  is  a  convenient  instrument  for  port  closure.  It 
is  used  to  pass  the  thread  on  the  side  of  cannula  and  then  it 
is  tied  externally  (Figs  12.4A  to  D). 

Port  Closure  Needle 

This  is  a  simple  instrument  just  like  cobblers  and  it  can  be 
effectively  used  for  closing  the  port.  The  tip  of  the  instrument 
is  blunt  and  the  needle  faces  towards  the  fascia,  so  the 
chances  of  injury  to  the  bowel  are  less  with  the  use  of  this 
instrument  (Fig.  12.5). 

Aneurysm  needle  can  also  be  used  for  closing  fascia. 
The  advantage  of  this  needle  is  that  eye  is  at  the  tip  and  due 
to  rigid  structure  there  is  no  risk  of  bending  or  rotation  of 
needle  (Fig.  12.6). 

After  closing  the  rectus  sheath  the  skin  can  be  closed  by 
intradermal,  skin  stapler  or  any  of  the  surgical  skin  glues 
topical  cyanoacrylate  skin  adhesives  (TCAs)  available 
(Fig.  12.7). 
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Fig.  12.2:  Incisional  hernia  development  due  to  improper  closure 
of  port  should  be  repaired  later  by  mesh 


Fig.  1 2.3:  The  tip  of  telescope  should  be  introduced  in  and  cannula 
is  pulled  over  telescope  to  prevent  suction  of  omentum  or  bowel 


Figs  12.4A  to  D:  Port  closure  with  the  help  of  suture  passer 


Fig.  12.5:  Port  closure  needle 


Fig.  12.6:  Aneurysm  needle 
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Fig.  12.7:  Closure  of  skin  wound  by  skin  stapler 
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Laparoscopic  surgery  has  undergone  rapid  development  in 
recent  years.  Laparoscopic  cholecystectomy  was  first 
performed  in  1985.  Since  the  introduction  of  laparoscopic 
cholecystectomy  into  general  practice  in  1990,  it  has  rapidly 
become  the  dominant  procedure  for  gallbladder  surgery. 
By  the  end  of  the  decade,  laparoscopic  cholecystectomy 
had  spread  throughout  the  world.  The  importance  of 
laparoscopic  cholecystectomy  was  the  cultural  change  it 
engendered  rather  than  the  operation  it  replaced.  In  terms 
of  technique,  laparoscopic  cholecystectomy  is  now  the  gold 
standard  for  the  treatment  of  symptomatic  gallstone  disease. 
It  is  most  commonly  performed  minimal  access  surgery  by 
general  surgeon’s  world  wide.  In  Europe  and  America,  98 
percent  of  all  the  cholecystectomy  is  performed  by 
laparoscopy.  The  credit  of  popularizing  minimal  access 
surgery  goes  to  laparoscopic  cholecystectomy.  This  is  most 
popular  and  most  accepted  minimal  access  surgical 
procedure  worldwide.  Laparoscopic  surgery  has  expanded 
from  gallbladder  surgery  to  virtually  every  operation  in  the 
abdominal  cavity. 

INDICATIONS  (FIG.  13.1) 

•  Cholelithiasis 

•  Mucocele  gallbladder 

•  Empyema  gallbladder 

•  Cholesterosis 

•  Typhoid  carrier 

•  Porcelain  gallbladder 

•  Acute  cholecystitis  (calculous  and  acalculous) 

•  Adenomatous  gallbladder  polyps 

•  As  part  of  other  procedures  viz.  Whipple’s  procedure. 

Contraindications 

•  Hemodynamic  instability 

•  Uncorrected  coagulopathy 


•  Generalized  peritonitis 

•  Severe  cardiopulmonary  disease 

•  Abdominal  wall  infection 

•  Multiple  previous  upper  abdominal  procedures 

•  Late  pregnancy. 

The  general  anesthesia  and  the  pneumoperitoneum 
required  as  part  of  the  laparoscopic  procedure  do  increase 
the  risk  in  certain  groups  of  patients.  Most  surgeons  would 
not  recommend  laparoscopy  in  those  with  pre-existing 
disease  conditions.  Patients  with  severe  cardiac  diseases  and 
chronic  obstructive  pulmonary  disease  (COPD)  should  not 
be  considered  a  good  candidate  for  laparoscopy.  The 
laparoscopic  cholecystectomy  may  also  be  more  difficult  in 
patients  who  have  had  previous  upper  abdominal  surgery. 
The  elderly  may  also  be  at  increased  risk  for  complications 
with  general  anesthesia  combined  with  pneumoperitoneum. 


Fig.  13.1 :  Appearance  of  fundus  of  gallbladder  in  first  look 
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ADVANTAGE  OF  LAPAROSCOPIC  APPROACH 

•  Cosmetically  better  outcome 

•  Less  tissue  dissection  and  disruption  of  tissue  planes 

•  Less  pain  postoperatively 

•  Low  intraoperative  and  postoperative  complications  in 
experienced  hand 

•  Early  return  to  work. 

Preoperative  Investigations 

Apart  from  routine  preoperative  investigations,  in  fit  patients, 
the  only  investigations  needed  are  ultrasound  examination. 
Although  practiced  in  some  centers,  intravenous 
cholangiography  may  not  be  confirmative  and  is  attended 
with  the  risk  of  anaphylactic  reactions. 

Patient  Position 

Patient  is  operated  in  the  supine  position  with  a  steep  head- 
up  and  left  tilt.  This  typical  positioning  of  laparoscopic 
cholecystectomy  should  be  achieved  once  the 
pneumoperitoneum  has  been  established.  The  patient  is  then 
placed  in  reverse  Trendelenburg’s  position  and  rotated  to 
the  left  to  give  maximal  exposure  to  the  right  upper  quadrant. 

Position  of  Surgical  Team  (Fig.  13.2) 

The  surgeon  stands  on  the  left  side  of  the  patient  with  the 
scrub  nurse-camera  holder-assistant.  One  assistant  stand 
right  to  the  patient  and  should  hold  the  fundus  grasping 
forceps. 

Tasks  Analysis 

•  Preparation  of  the  patient 

•  Creation  of  pneumoperitoneum 

•  Insertion  of  ports 

•  Diagnostic  laparoscopy 

•  Dissection  of  visceral  peritoneum 

•  Dissection  of  Calot’s  triangle 

•  Clipping  and  division  of  cystic  duct  and  artery 

•  Dissection  of  gallbladder  from  liver  bed 

•  Extraction  of  gallbladder  and  any  spilled  stone 

•  Irrigation  and  suction  of  operating  field 

•  Final  diagnostic  laparoscopy 

•  Removal  of  the  instrument  with  complete  exit  of  C02 

•  Closure  of  wound. 

Port  Location  (Figs  13.3A  to  C) 

Four  ports  are  used:  optical  (10  mm),  one  5  mm,  one  10 
mm  operating,  and  one  5.0  mm  assisting  port.  The  optical 
port  is  at  or  near  the  umbilicus  and  routinely  a  30° 
laparoscope  is  used.  Some  surgeons  who  have  started 
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Fig.  13.2:  Position  of  surgical  team 


laparoscopy  earlier  is  more  comfortable  with 
0°  telescope.  The  laparoscope  is  inserted  through  a 
10  mm  umbilical  port  and  the  abdominal  cavity  is  explored 
for  any  obvious  abnormalities.  The  secondary  ports  are  then 
placed  under  direct  visualization  with  the  laparoscope.  The 
surgeon  places  a  10  mm  trocar  in  the  midline  and  left  to  the 
falciform  ligament  at  the  epigastrium.  Two  5  mm  ports  one 
subcostal  trocar  in  the  right  upper  quadrant  and  another  5 
mm  trocar,  lower,  near  the  right  anterior  axillary  line  are 
placed. 

Laparoscopic  Anatomy  (Fig.  13.4) 

Laparoscopic  view  of  the  right  upper  quadrant  on  first  look 
will  demonstrate  primarily  the  subphrenic  spaces,  abdominal 
surface  of  diaphragm,  and  diaphragmatic  surface  of  the  liver. 
The  fundus  of  the  gallbladder  can  be  seen  popping  from 
the  inferior  surface  of  liver.  The  falciform  ligament  is  seen 
as  a  prominent  dividing  point  between  left  subphrenic  space 
and  the  right  subphrenic  space.  As  the  gallbladder  is  elevated 
and  retracted  towards  the  diaphragm,  adhesion  to  the 
omentum  or  duodenum  and  transverse  colon  is  seen. 

EXPOSURE  OF  GALLBLADDER  AND 
CYSTIC  PEDICLE  (FIGS  13.5A  TO  D) 

A  grasper  is  used  through  the  right  lower  5  mm  trocar  to 
grasp  the  gallbladder  fundus  and  retract  it  up  over  the  liver 
edge  to  expose  the  entire  length  of  the  gallbladder.  If  there 
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Figs  13.3A  to  C:  (A)  Ideal  port  position  for  laparoscopic  cholecystectomy;  (B  and  C)  Port  position  of  cholecystectomy 


Fig.  13.4:  Topographic  anatomy  of  gallbladder:  (1)  Gallbladder; 
(2)  Cystic  artery;  (3)  Mascagni  lymph  node;  (4)  Proper  hepatic  artery; 
(5)  Abdominal  aorta;  (6)  Portal  vein;  (7)  Gastroduodenal  artery 


are  adhesions  to  the  gallbladder,  they  will  need  to  be  taken 
down  using  blunt  and  sharp  dissection.  With  the  entire 
gallbladder  visualized,  a  second  grasper  is  inserted  through 
the  other  right  upper  quadrant  trocar  to  grasp  the  gallbladder 
infundibulum  and  retract  it  up  and  to  the  right  to  expose 
the  triangle  of  Calot. 

Careful  evaluation  of  the  anatomy  reveals  whether  it  is 
partially  intrahepatic,  on  a  mesentery,  or  possesses  a 
Phrygian  cap  or  any  other  odd  shape.  Hartmann’s  pouch 
should  be  identified  and  seen  to  be  funnel  down  to  continue 
as  tubular  structure,  the  cystic  duct.  It  is  important  to  identify 
Hartmann’s  pouch  clearly  because  most  of  the  laparoscopic 
surgeons  clip,  and  divide  the  cystic  duct,  high  on  its 
termination  at  Hartmann’s  pouch,  rather  than  attempting 
to  trace  the  cystic  duct’s  junction  with  the  common  bile  duct. 
Dissection  of  the  junction  of  cystic  duct  with  the  CBD 
increases  the  chance  of  traction  injury  and  bleeding  from 
small  vessels  and  lymphatic. 
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Figs  13.5A  to  D:  Proper  traction  for  exposure  of  cystic  pedicle 


Cystic  artery  can  be  seen  if  attention  is  given  as  it  runs 
along  the  surface  of  gallbladder.  A  lymph  node  may  be  seen 
anterior  to  the  cystic  artery.  The  cystic  artery  gives  off  a 
small  artery  that  supplies  the  cystic  duct.  This  tiny  twig  often 
avulsed  and  bleeds  at  the  time  of  creating  window  between 
artery  and  duct.  This  bleeding  stops  when  the  cystic  duct  is 
clipped. 

ADHESIOLYSIS  (FIGS  13.6A  TO  D) 

Any  adhesion  should  be  cleared  from  the  gallbladder.  The 
surgeon  uses  a  dissector  through  the  epigastric  trocar  to  tear 
the  peritoneal  attachments  from  the  infundibulum.  The 
attachments  are  taken  down  from  high  on  the  gallbladder, 
beginning  laterally  in  order  to  help  avoid  injury  to  the 
common  bile  duct.  Sharp  dissection  may  be  carried  out  with 
the  help  of  scissors  attached  with  monopolar  current.  At  the 
time  of  separating  adhesion,  surgeon  should  try  to  be  as 
near  as  possible  towards  gallbladder.  The  cystic  pedicle  is  a 
triangular  fold  of  peritoneum  containing  the  cystic  duct  and 
artery,  the  cystic  node  and  a  variable  amount  of  fat.  It  has  a 


superior  and  an  inferior  leaf  which  are  continuous  over  the 
anterior  edge  formed  by  the  cystic  duct  (Fig.  13.7).  An 
important  consideration  is  the  frequent  anomalies  of  the 
structures  contained  between  the  two  leaves  (15-20%).  The 
normal  configuration  is  for  an  anterior  cystic  duct  with  the 
cystic  artery  situated  posterosuperiorly  and  arising  from  the 
right  hepatic  artery  usually  behind  the  common  bile  duct. 

DISSECTION  OF  CYSTIC 
PEDICLE  (FIGS  13.8A  TO  D) 

The  dissection  of  the  cystic  pedicle  can  be  carried  out  with 
two  handed  technique.  The  dissection  should  be  started 
with  anteromedial  traction  by  left  hand  grasper  placed  on 
the  anterior  edge  of  Hartmann’s  pouch.  The  anteromedial 
traction  by  left  hand  will  expose  the  posterior  peritoneum. 
The  peritoneum  of  the  posterior  leaf  of  the  cystic  pedicle  is 
divided  superficially  as  far  back  as  the  liver.  Posterior  leaf  is 
better  to  dissect  before  anterior  leaf  because  it  is  relatively 
less  vascular  and  the  bleeding  if  any,  will  not  soil  the  anterior 
peritoneum,  whereas  if  anterior  peritoneum  is  tackled  first, 
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Figs  13.6A  to  D:  Clearing  adhesions  by  hook 


Fig.  13.7:  Pledget  can  be  used  for  adhesiolysis 


it  may  make  the  dissection  area  of  posterior  peritoneum 
filled  with  blood  making  dissection  of  this  area  difficult.  Once 
the  visceral  peritoneum  is  dissected,  a  pledget  mounted 
securely  in  a  pledget  holder  is  used  for  blunt  dissection. 


Separation  of  Cystic 

Duct  from  Artery  (Figs  13.9A  to  D) 

Once  the  cystic  duct  is  visualized,  the  dissector  can  be  used 
to  create  a  window  in  the  triangle  of  Calot  between  the 
cystic  duct  and  cystic  artery.  This  window  should  be  created 
high  near  the  gallbladder-cystic  duct  junction  to  avoid  injury 
to  the  common  duct. 

The  separation  of  the  cystic  duct  anteriorly  from  the  cystic 
artery  behind  can  be  performed  by  a  Maryland's  grasper  by 
gently  opening  the  jaw  of  Maryland  between  the  duct  and 
artery.  The  opening  of  the  jaw  of  Maryland  dissector  should 
be  in  the  line  of  duct  never  at  right  angle  to  avoid  injury  of 
artery  behind.  Sufficient  length  of  the  cystic  duct  and  artery 
on  the  gallbladder  side  should  be  mobilized  so  that  three 
clips  can  be  applied. 

The  electrosurgical  hook  may  be  inserted  into  the 
window  and  hooked  around  the  cystic  duct.  With  an  up 
and  down  movement  the  hook  is  used  to  clear  as  much 
tissue  as  possible  from  the  duct  nearer  to  the  cystic  duct- 
gallbladder  junction.  Tissue  that  is  not  dissected  free  from 
the  duct  is  retracted  by  the  hook  away  from  all  structures 


170 


Section  2:  Laparoscopic  General  Surgical  Procedures 


Figs  13.8A  to  D:  Dissection  of  cystic  pedicle 


Figs  13.9A  to  D:  Cystic  duct  is  separated  from  artery  by  creating  a  window 
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and  is  divided  using  active  cutting  current.  Depending  on 
the  length  of  the  duct  it  is  usually  not  necessary  to  dissect  it 
all  the  way  down  to  its  junction  with  the  common  bile  duct. 
In  a  similar  fashion,  the  hook  can  be  used  to  isolate  the 
cystic  artery  for  a  length  that  is  adequate  enough  to  clip  it. 

Clipping  and  Division  of 
Cystic  Duct  (Figs  13.10A  to  H) 

After  isolating  the  cystic  duct  and  artery,  the  clipper  is 
introduced  through  the  epigastric  port  and  at  least  two  clips 
are  placed  on  the  proximal  side  of  the  cystic  duct.  Care  is 
taken  not  to  place  the  clips  too  low  because  retraction  can 
tent  up  the  common  bile  duct  or  cause  it  to  be  obstructed. 
Another  clip  is  placed  on  the  gallbladder  side  of  the  cystic 
duct,  leaving  enough  distance  between  the  clips  to  divide  it. 
In  a  similar  fashion,  clips  are  placed  on  the  cystic  artery, 
two  proximally  and  one  on  the  gallbladder  side  of  the  artery. 
The  laparoscopic  scissors  are  then  used  through  the 
epigastric  port  to  divide  the  cystic  duct  and  artery  between 
the  clips.  Both  the  jaw  of  scissors  should  be  under  vision. 

Clipping  and  Division  of 
Cystic  Artery  (Figs  13.11  A  to  F) 

The  cystic  artery  is  clipped  and  then  divided  by  scissors. 
Two  clips  are  placed  proximally  on  the  cystic  artery  and 
one  clip  is  applied  distally.  The  artery  is  then  grasped  with  a 
duckbill  grasper  on  the  gallbladder  wall  and  then  divided 
between  second  and  third  clip. 

Operative  Cholangiogram  (Fig.  13.12) 

In  many  institutions  routine  intraoperative  cholangiogram 
is  performed.  Routine  cholangiogram  decreases  the  risk  of 
CBD  injury  in  case  of  difficult  anatomy.  If  a  cholangiogram 
is  to  be  performed,  the  cystic  duct  is  isolated  and  occluded 
with  a  clip  which  is  placed  high  on  the  duct  at  its  junction 
with  the  gallbladder.  This  will  avoid  leakage  of  contents  from 
the  gallbladder  when  the  duct  is  opened.  The  scissors  are 
used  to  incise  the  duct. 

The  opening  in  the  cystic  duct  is  made  on  the 
anterosuperior  aspect.  Correct  alignment  of  the  cystic  duct 
and  infusion  of  saline  facilitates  insertion  of  ureteric  catheter 
to  perform  cholangiography.  Insertion  is  difficult  if  the 
opening  in  the  cystic  duct  is  made  too  close  to  the 
gallbladder.  The  dissector  is  used  to  spread  the  incision  to 
adequately  dilate  it  for  introduction  of  the  cholangiogram 
catheter.  The  catheter  is  introduced  through  one  of  the  5 
mm  port.  It  is  secured  by  either  inflating  a  balloon  or  placing 
a  clip  to  hold  it  in  place.  The  catheter  is  then  flushed  with 
saline  to  insure  appropriate  placement.  All  instruments  are 
removed  and  a  dynamic  cholangiogram  with  real  time 
fluoroscopy  is  performed.  The  contrast  medium  should  be 


injected  slowly  during  screening  and  the  patient  should  be 
in  a  slight  Trendelenburg’s  position  with  the  table  rotated 
slightly  to  the  right.  It  is  essential  that  the  entire  biliary 
tract  is  outlined. 

When  the  cholangiogram  is  completed,  the  catheter  is 
removed,  and  two  clips  are  placed  proximally  on  the  duct. 
The  duct  is  then  divided.  Surgeon  should  ligate  or  clip  cystic 
duct  when  he  is  sure  up  to  the  point  of  absolute  certainness. 

The  main  advantages  of  intraoperative  cholangiography 
during  cholecystectomy  are: 

•  Detection  of  common  bile  duct  stone 

•  Reduction  of  the  incidence  of  residual  common  bile  duct 
stone 

•  Delineation  of  the  biliary  anatomical  variations  at  risk 
for  bile  duct  injury. 

Intraoperative  cholangiogram  is  a  highly  sensitive  tool 
for  detecting  choledocholithiasis,  with  an  overall  accuracy 
of  95  percent.  Routine  intraoperative  cholangiography  can 
diagnose  unsuspected  common  bile  duct  stone  in  1  to  14 
percent  (average  5%)  of  patients  without  indications  for 
ductal  exploration. 

The  failure  of  laparoscopic  intraoperative  cholangiogram 
is  due  to: 

•  The  narrowness  of  the  cystic  duct 

•  Cystic  duct  rupture 

•  Obstructive  cystic  valves 

•  Impacted  cystic  stones 

•  Dye  extravasation  from  cystic  duct  perforation. 

With  increased  experience  successful  laparoscopic 
intraoperative  cholangiogram  can  be  achieved  in 
90  to  99  percent  of  cases,  a  rate  similar  to  that  of 
intraoperative  cholangiogram  during  open  cholecystectomy. 

INTRAOPERATIVE  ULTRASONOGRAPHY 

Many  studies  focused  on  the  role  of  intraoperative 
ultrasonography  in  laparoscopic  cholecystectomy. 
Intraoperative  ultrasonography  is  technically  demanding  but 
is  as  accurate  as  intraoperative  cholangiogram  (88-100%) 
for  screening  common  bile  duct  stone. 

The  advantages  of  intraoperative  ultrasonography  over 
intraoperative  cholangiogram  are: 

•  Speedy 

•  Safer 

•  Multiple  time  use 

•  Economical. 

The  greater  sensitivity  of  intraoperative  ultrasonography 
examination  concerned  mainly  small  stones  or  debris  in  the 
CBD. 

The  disadvantages  of  intraoperative  ultrasonography  is  that 
it  is  impossible  to  provide  extended  views  of  the  intrahepatic 
and  extrahepatic  biliary  tree,  difficult  to  show  passage  of  contrast 
into  the  duodenum  and  to  identity  bile  duct  injuries. 
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Figs  13.11  A  to  F:  Cystic  artery  is  clipped  and  divided 


Fig.  13.12:  Intraoperative  cholangiogram 


Ligation  of  Cystic  Duct 

Although  the  majority  of  surgeons  opt  for  clipping  the  cystic 
duct,  before  dividing  it,  this  technique  though  quick,  is 
intrinsically  unsound,  as  internalization  of  the  metal  clip 
inside  the  common  bile  duct  over  the  ensuing  months  is 


well  documented.  There  is  report  of  internalization  of  clip 
and  subsequent  stone  formation  after  many  years.  The 
internalized  clip  becomes  covered  with  calcium  bilirubinate 
pigment.  For  this  reason,  to  tie  the  cystic  duct  using  a  catgut 
Roeder  external  slip  knot  should  be  done. 

Dissection  of  Gallbladder  from 
Liver  Bed  (Fig.  13.13) 

The  electrosurgical  hook  is  used  with  cautery  through  the 
epigastric  port  to  dissect  the  gallbladder  from  the  bed  of  the 
liver.  Using  a  grasper  the  gallbladder  is  first  retracted  right 
to  expose  and  dissect  the  medial  side  of  the  attachment. 
The  gallbladder  is  then  retracted  to  the  left  and  the  lateral 
side  is  dissected.  Using  this  back  and  forth  action.  The  hook 
is  used  to  dissect  the  gallbladder  off  the  bed  from  inferior  to 
superior  until  it  is  90  percent  removed  from  the  liver.  Holding 
the  remaining  portion  of  the  gallbladder  attached  to  the  liver, 
the  dissection  bed  and  the  clipped  structures  are  evaluated 
and  any  active  bleeding  is  stopped  using  heal  of  the  hook 
or  spatula. 

Gallbladder  should  be  separated  from  the  liver  through 
the  areolar  tissue  plane  binding  the  gallbladder  to  the 
Glisson's  capsule  lining  the  liver  bed  (Figs  13.14A  to  G). 
The  actual  separation  can  be  performed  with  scissors  with 
electrosurgical  attachment  or  electrosurgical  hook  knife. 
Pledget  can  be  used  to  remove  the  gallbladder  from  liver 
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Fig.  13.13:  Separation  of  gallbladder  from  gallbladder  (GB)  bed 

bed  once  a  good  plane  of  dissection  is  found.  Perforation 
of  the  gallbladder  during  its  separation  is  a  common 
complication  which  is  encountered  in  15  percent  of  cases. 

One  should  be  careful  at  the  time  of  dissection  and  if 
there  is  spillage  of  stone,  each  stone  should  be  removed  from 
the  peritoneal  cavity  to  avoid  abscess  formation  in  future. 

Extraction  of  Gallbladder  (Figs  13.15A  to  D) 

The  gallbladder  is  now  freed  from  the  liver  and  placed  on 
top  of  the  liver.  The  patient  is  returned  to  the  supine  position 
and  the  area  of  dissection  and  the  upper  right  quadrant  are 
irrigated  and  suctioned  until  clear.  The  gallbladder  is 
extracted  through  the  1 1  mm  epigastric  operating  port  with 
the  help  of  gallbladder  extractor.  Many  surgeons  use 
umbilical  port  for  withdrawal  of  gallbladder.  If  gallbladder 
is  removed  through  the  umbilical  port  the  laparoscope  is 
placed  through  the  epigastric  port  and  the  gallbladder  is 
visualized  on  the  dome  of  the  liver.  A  large  grasper  with 
teeth  is  placed  through  the  umbilical  port  and  used  to  grasp 
the  gallbladder  along  the  edge  of  the  clipped  cystic  duct 
stump.  The  gallbladder  is  then  exteriorized  through  the 
umbilical  incision  where  it  is  held  into  position  with  a  clamp 
(Fig.  13.16). 

First  the  neck  of  the  gallbladder  should  be  engaged  in 
the  cannula  and  then  cannula  will  withdraw  together  with 
neck  of  gallbladder  held  within  the  jaw  of  gallbladder 
extractor  (Fig.  13.17). 

Once  the  port  with  the  neck  of  the  gallbladder  is  out,  the 
neck  is  grasped  with  the  help  of  a  blunt  hemostat  and  it 
should  be  pulled  out  with  screwing. 


If  gallbladder  is  of  small  size,  it  will  come  without  much 
difficulty,  otherwise  small  incision  should  be  given  over  the 
neck  of  the  gallbladder  and  suction  irrigation  instrument 
should  be  used  to  suck  all  the  bile  to  facilitate  easy  withdrawal 
(Figs  13.18  and  13.19). 

Sometimes  big  stones  will  not  allow  easy  passage  of 
gallbladder  and  in  these  situations  ovum  forceps  should  be 
inserted  inside  the  lumen  of  gallbladder  through  the  incision 
of  its  neck  and  all  the  stone  should  be  crushed  (Fig.  13.20). 

When  ovum  forceps  is  used  to  remove  the  big  stones 
from  the  gallbladder,  care  should  be  taken  that  gallbladder 
should  be  held  loose  to  have  room  for  forceps  otherwise  it 
will  perforate  and  all  the  stone  may  spill  out  (Figs  13.21  A 
and  B). 

Extraction  inside  a  bag  is  recommended  as  a  safeguard 
against  stone  loss  and  contamination  of  the  exit  wound  (Figs 
13.22  and  13.23). 

Ending  of  the  Operation 

The  instrument  and  then  ports  are  removed.  Telescope 
should  be  removed  leaving  gas  valve  of  umbilical  port  open 
to  let  out  all  the  gas.  At  the  time  of  removing  umbilical  port, 
telescope  should  be  again  inserted  and  umbilical  port  should 
be  removed  over  the  telescope  to  prevent  any  entrapment 
of  omentum.  The  wound  is  then  closed  with  suture.  Vicryl 
should  be  used  for  rectus  and  unabsorbable  intradermal  or 
stapler  for  skin.  A  single  suture  is  used  to  close  the  umbilicus 
and  upper  midline  fascial  opening.  Many  laparoscopic 
surgeons  routinely  leave  this  fascial  defect  without  ill  defect. 
Some  surgeons  like  to  inject  local  anesthetic  agent  over  port 
site  to  avoid  postoperative  pain.  Sterile  dressing  over  the 
wound  should  be  applied. 

Three-port  Cholecystectomy 

Since  the  first  laparoscopic  cholecystectomy  was 
performed,  it  has  met  with  widespread  acceptance  as  a 
standard  procedure  using  four  trocars.  The  fourth 
(lateral)  trocar  is  used  to  grasp  the  fundus  of  the 
gallbladder  so  as  to  expose  Calot’s  triangle.  It  has  been 
argued  that  the  fourth  trocar  is  not  necessary  in  most 
cases.  The  three-port  technique  is  as  safe  as  the  standard 
four-port.  The  main  advantages  of  the  three-port 
technique  are  that  it  causes  less  pain,  is  less  expensive, 
and  leaves  fewer  scars.  The  three-port  cholecystectomy 
should  be  performed  by  experienced  laparoscopic 
surgeon  because  left  hand  movement  is  very  important 
in  this  surgery.  Bimanual  skill  and  correct  interpretation 
of  anatomy  is  must  before  proceeding  for  this  technique. 
Three-port  cholecystectomy  is  possible  by  the 
experienced  laparoscopic  surgeons. 
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Figs  13.14A  to  G:  Separation  of  gallbladder  from  liver  using  hook 


Laparoscopic  Cholecystectomy  in  Acute  Cholecystitis 

Impaction  of  a  stone  in  the  cystic  duct  will  result  in  bile  stasis  in 
the  gallbladder.  Acute  cholecystitis  results  from  inflammation 
of  the  mucosa  of  the  gallbladder  which  may  secondarily  become 
infected.  This  inflammation  can  then  evolve  to  hydrops  of  the 
gallbladder  and  gallbladder  abscess.  Complications  such  as 
necrosis,  perforation,  phlegmon  or  peritonitis  can  result  if 
surgical  intervention  is  not  done  in  timely  manner. 

In  certain  cases,  acute  cholecystitis  can  be  acalculous, 
especially  in  diabetic  patients  or  in  the  immediate 
postoperative  period  following  other  surgical  interventions. 
In  the  elective  setting,  a  laparoscopic  cholecystectomy  has 
become  the  standard  of  care;  the  laparoscopic  approach  to 
acute  cholecystitis  remains  controversial.  In  past  publications, 


acute  cholecystitis  was  considered  as  a  relative  or  absolute 
contraindication  to  a  laparoscopic  approach.  The 
laparoscopic  approach  to  acute  cholecystitis  is  preferred  in 
practice  by  a  large  number  of  experienced  teams.  Nowadays, 
laparoscopic  approach  is  considered  safe  if  the  intervention 
is  performed  in  a  timely  fashion.  If  laparoscopy  is  considered 
in  acute  attack,  a  conversion  rate  of  20  percent  demonstrates 
that  the  procedure  is  only  pursued  when  felt  to  be  safe. 

•  Acute  cholecystitis  is  distinguished  from  biliary  colic  by 
the  presence  of  at  least  two  of  the  following  signs 

-  Right  upper  quadrant  pain  lasting  for  more  than  24  hours 

-  Fever  more  than  37°C 

The  presence  of  a  palpable  distended  tender 
gallbladder 
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Figs  13.15A  to  D:  Extraction  of  gallbladder 


Fig.  13.16:  Extraction  of  gallbladder  by  gentle  pull  from  outside  Fig.  13.17:  Extraction  of  gallbladder  by  hiding  the  neck  in  cannula 


-  Elevation  of  the  WBC  count  greater  than  1 1 .000/mm3 

-  Ultrasonographic  findings  demonstrating  thickening 
of  the  gallbladder  wall  >4  mm 

-  Pericholecystic  fluid  collection  in  ultrasound. 

The  studies  have  concluded  that  the  ideal  time  for  the 
surgical  intervention  is  within  48  to  72  hours  of  the 
appearance  of  symptoms. 


Laparoscopic  cholecystectomy,  when  performed  early, 
leads  to  reduction  in: 

•  Operative  difficulty 

•  Conversion  rate 

•  Operative  time 

One  of  the  major  determining  factors  is  the  conversion 
rate,  an  indicator  of  the  actual  difficulty  of  the  procedure. 
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Fig.  13.18:  Suction  ot  bile  to  extract  gallbladder 


Fig.  13.19:  Stone  should  be  taken  out  to  reduce  volume  of 
gallbladder 


Numerous  studies  have  demonstrated  a  significantly  lower 
conversion  rate  when  the  laparoscopic  cholecystectomy  is 
performed  within  the  first  72  hours  of  the  onset  of  symptoms 
as  opposed  to  a  delayed  procedure  after  this  period.  In  case 
of  an  interval  cholecystectomy  following  medical  therapy,  it 
must  be  performed  within  a  period  of  8  to  12  weeks.  It  is 
demonstrated  that  interval  cholecystectomy  is  associated 
with  a  higher  morbidity  rate  than  in  early  intervention. 

Laparoscopic  Cholecystectomy  During  Pregnancy 

Laparoscopic  cholecystectomy  is  relatively  contraindicated 
during  pregnancy  due  to  the  potentially  adverse  side  effects 


Fig.  13.20:  Stone  may  be  crushed  to  reduce 
volume  of  gallbladder 

on  the  fetus.  However,  when  complications  arise,  a  surgical 
intervention  becomes  mandatory.  This  intervention  should 
be  ideally  performed  during  the  second  trimester  of 
pregnancy  where  the  operative  risks  are  considered  to  be 
the  lowest.  Laparoscopic  cholecystectomy  during  pregnancy 
has  been  reported  in  many  series  of  randomized  controlled 
trials,  with  no  specific  complications  related  to  the 
laparoscopic  approach. 

Postoperative  Care 

Most  of  the  patients  can  be  discharged  next  day  of  surgery. 
The  patient  who  has  urinary  retention,  prolonged  nausea,  more 
pain  or  difficulty  in  walking  can  be  discharged  after  bowel 
sound.  Three  doses  broad  spectrum  antibiotic  should  be 
administered.  First  dose  infused  one  hour  before  surgery, 
second  and  third  should  be  administered  on  consecutive  days. 
Few  patients  may  complain  pain  over  tip  of  shoulder  after 
laparoscopic  surgery.  This  is  due  to  irritation  of  diaphragm 
from  C02.  Tramadol  hydrochloride  is  advised  in  these  patients. 
Most  of  the  patients  are  able  to  resume  there  normal  day-to- 
day  activity  within  48  to  72  hours  after  surgery.  Generally,  the 
patient  can  return  to  their  sedentary  work  within  a  week. 

COMPLICATIONS  OF  LAPAROSCOPIC 
CHOLECYSTECTOMY 

Early  Complication 

•  Common  bile  duct  injury 

•  Bile  leak 

•  Injury  to  viscera 
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Figs  13.21  A  and  B:  Once  the  gallbladder  is  empty  gentle  pull  from  outside  will  facilitate  its  extraction 


Fig.  13.22:  The  spilled  stone  and  torn  gallbladder  can  be  Fig.  13.23:  Extracted  spilled  stone  and  torn  gallbladder 

taken  out  with  the  help  of  endobag 


•  Hemorrhage 

•  Retained  stones  and  abscess  formation. 

Late  Complication 

•  Biliary  strictures 

•  Cystic  duct  clip  stones. 

LAP  CHOLE  AND  CBD  INJURY 

Incidence  of  iatrogenic  CBD  injury  is  0.12  and  0.55  percent 
during  open  and  laparoscopic  cholecystectomy  respectively. 

Common  Cause  of  CBD  Injury 

•  Misinterpretation  of  anatomy — 70  percent 

•  Technical  errors 


•  Risk  factors 

•  Surgeon  operates  on  image  rather  than  reality. 

Visual  psychological  studies  has  shown  that 

laparoscopic  surgeon  works  on  snap  interpretation  by  brain 
and  success  or  disaster  depends  on  whether  snaps  are  right 
or  wrong.  Snap  interpretation  will  be  wrong  if  there  is  eye 
ball  degradation.  Surgeon  should  not  dissect  the  cystic  duct 
if  there  is  lack  of  initial  identification  and  memory  of  key 
structure  to  the  point  of  absolute  certainty  (Figs  13.24A 
and  B).  Most  important  technical  error  is  hilar  bleeding 
and  frantic  attempts  are  made  to  control  bleeding  by 
electrosurgery.  This  frantic  attack  can  catch  the  CBD  and 
will  be  injured. 

In  case  of  bleeding,  surgeon  should  first  apply  pressure 
and  if  it  does  not  stop  he  should  take  suction  irrigation  and 
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Liver  Liver 


Figs  13.24A  and  B:  Testing  of  CBD 


□ 


Double  cystic  artery,  both 
from  aberrant  right  hepatic. 
One  inside  and  one  outside 
cystic  triangle 


Variation  in  cystic  artery 
often  encountered  at  the 
time  of  lap  chole 


Double  cystic  artery;  both  from 
normal  right  hepatic,  one  inside 
and  the  outside  cystic  triangle 


May  originate  from 
intermediate  or  left 
hepatic  artery 


May  originate  from 
proper  hepatic  artery 


May  originate  from 
gastroduodenai  artery 


Figs  13.25A  and  B 
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May  originate  in  cystic 
triangle  from  aberrant 
right  hepatic  artery  (from 
superior  mesenteric) 


May  originate  outside 
cystic  triangle  from 
aberrant  right  hepatic  artery 


Low  union 
with  common 
hepatic  duct 


Adherent  to 
common 
hepatic  duct 


High  union  with 
common 
hepatic  duct 


□ 


Cystic  duct 
absent 
very  short 


Anterior  spiral 
joining  common 
hepatic  duct  on 
left  side 


Posterior  spiral 
joining  common 
hepatic  duct  on 
left  side 


Figs  13.25C  and  D 

Figs  13.25A  to  D:  Variation  in  cystic  artery  and  hepatic  duct 


atraumatic  grasper  to  find  out  exact  point  of  bleeding. 
Electrosurgery  should  be  used  only  when  bleeding  point  is 
identified. 

TYPE  OF  CBD  INJURY 

Bismuth  Classification 

•  Type  1  -  CHD  stump  >  2  cm 

•  Type  2  -  CHD  stump  <  2  cm 

•  Type  3  -  Hilar,  right  and  left  duct  confluence  intact 


•  Type  4  -  Hilar,  separation  of  right  and  left  ducts 

•  Type  5  -  Injury  to  aberrant  right  duct  ±  CBD  injury. 

If  complication  of  CBD  injury  is  recognized 

intraoperatively  reconstructive  surgery  should  be  performed 
same  time  if  surgeon  has  sufficient  experience.  For  high 
complete  transaction  Roux-en-Y  hepaticojejunostomy  is 
preferred.  For  lower  complete  injuries  primary  suture  repair 
over  T-tube  is  better  but  long  end  of  T-tube  must  not  be 
exteriorized  from  same  site.  For  partial  injuries,  insertion  of 
T-tube  and  Roux-en-Y  serosal  patch  should  be  thought. 
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Strategy  to  Handle  Complication 
Recognized  Postoperatively 

•  USG  +  ERCP  +  MRCP 

•  Fluid  +  electrolyte  +  systemic  antibiotic 

•  Conservative  treatment  and  biliary  drainage  for 
six  weeks  by  ERCP  stent  insertion  or 

•  PTBD  (Percutaneous  transhepatic  biliary  drainage)  if 
endoscopic  stent  application  is  not  possible 

•  After  several  weeks:  Reconstructive  surgery 

•  Roux-en-Y  choledocoduodenostomy  or  hepatoje- 
junostomy. 

All  the  variation  of  cystic  duct  and  artery  should  be 

memorized  to  avoid  inadvertent  injury  of  CBD. 

The  variation  in  cystic  artery  and  hepatic  duct  shown  in 

Figures  13.25A  to  D. 

HOW  TO  AVOID  INJURY 

•  Try  to  memorize  initial  anatomy  of  Calot’s  triangle 

•  A  large  distended  gallbladder  should  be  aspirated  and 
lifted  rather  than  grasped 

•  Anterolateral  traction  is  better  than  fundus  pull  to  avoid 
tenting  of  CBD 

•  Avoid  meticulous  dissection  by  energized  instrument 

•  Better  to  do  skeletonization  through  pledget 

•  During  detachment  of  gallbladder  from  liver  bed 
maintain  plane  of  adipose  tissue 

•  Use  suction  irrigation  frequently. 

Tenting  of  the  CBD  should  always  kept  in  mind  at  the 

time  of  dissection  to  avoid  injury. 
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Chapter 


Laparoscopic  CBD  Exploration 


Laparoscopic  exploration  of  the  common  bile  duct  is 
performed  either  for  the  diagnosis  or  the  treatment  of 
common  bile  duct  (CBD)  stones.  CBD  stones  demonstrated 
by  laparoscopic  intraoperative  cholangiography,  or  laparo¬ 
scopic  ultrasonography  are  extracted  either  through  the 
cystic  duct  or  through  choledochotomy.  An  alternative  for 
the  treatment  of  CBD  stones  is  to  perform  an  endoscopic 
sphincterotomy  either  before,  during  or  after  laparoscopic 
cholecystectomy. 

The  main  advantages  of  intraoperative  cholangiography 
during  cholecystectomy  are: 

•  Detection  of  common  bile  duct  stone 

•  Reduction  of  the  incidence  of  residual  common  bile  duct 
stone 

•  Delineation  of  the  biliary  anatomical  variations  at  risk 
for  bile  duct  injury. 

Intraoperative  cholangiogram  is  a  highly  sensitive  tool 
for  detecting  choledocholithiasis,  with  an  overall  accuracy 
of  95  percent.  Routine  intraoperative  cholangiography  can 
diagnose  unsuspected  common  bile  duct  stone  in  1  to  14 
percent  (average  5%)  of  patients  without  indications  for 
ductal  exploration. 

INTRAOPERATIVE  CHOLANGIOGRAPHY  (IOC) 

Techniques  of  Cholangiography 

Cholangiograms  obtained  during  laparoscopy  are  usually 
performed  after  catheterization  of  the  cystic  duct  through  a 
cholangioclamp  (Storz  Endoscopy,  USA),  or  inserting  a 
catheter  through  a  hollow  gasketed  needle  pinned  through 
the  abdominal  wall  along  the  right  subcostal  margin. 
Difficulties  in  catheterization  of  the  small  cystic  duct  have 
led  to  consider  cholecystocholangiography  by  direct 
puncture  of  the  gallbladder  as  an  alternative  to  cystic  duct 
cholangiography.  Cystic  duct  cholangiography  is  clearly 
better  than  cholecystocholangiography,  and  fluoroscopic 


imaging  should  be  the  standard  for  IOC.  Until  now,  no 
specific  clinically  significant  complications  directly 
attributable  to  laparoscopic  IOC  have  been  reported. 

Expected  success  rates  for  laparoscopic  IOC  are  in  a  90 
to  100  percent  range.  Inability  to  cannulate  a  narrow  cystic 
duct  is  the  main  cause  of  failure.  When  performed  after 
clipping  (but  not  cutting)  the  anatomical  structures  identified 
by  careful  dissection  such  as  the  cystic  artery  and  the  cystic 
duct,  a  correctly  interpreted  IOC  allows  the  detection  of  the 
most  frequently  reported  cause  of  CBD  injury,  i.e.  mistaken 
identification  of  a  narrow  main  bile  duct  in  place  of  the 
cystic  duct. 

LAPAROSCOPIC  ULTRASONOGRAPHY  (LUS) 

Several  studies  on  LUS  have  been  published  and  conclusions 
of  these  studies  favor  LUS  as  compared  to  IOC.  LUS  is 
performed  with  a  higher  success  rate,  in  less  time,  with  better 
specificity,  but  with  less  precision  with  regard  to  the 
delineation  of  biliary  tree  anatomy.  LUS  is  of  little,  if  any, 
help  in  the  diagnosis  or  prevention  of  bile  duct  injuries.  While 
detection  of  smaller  stones  by  LUS  should  increase  its 
sensitivity,  most  of  these  stones  are  reputed  to  be  flushed 
out  through  the  sphincter  and  therefore  the  question  arises 
if  such  small  stones  require  any  treatment  at  all.  Specificity 
of  LUS  is  higher  (less  false  positives)  than  of  IOC.  When 
IOC  and  LUS  were  combined,  there  is  chance  of  less  than  1 
percent  of  false-positives.  The  question  that  comes  to  mind 
is  whether  LUS  should  be  a  screening  test,  and  IOC 
performed  only  in  case  of  doubt  or  should  IOC  be  the 
screening  test,  and  LUS  used  only  when  IOC  is  of  doubtful 
value?  IOC  performs  better  than  LUS  to  delineate  the  entire 
biliary  tree,  from  the  intrahepatic  tree  to  the  pancreatic 
portion  of  the  CBD.  Injection  of  saline  into  the  biliary  tree 
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enhanced  the  images  obtained  by  LUS,  especially  in  the 
distal  portion  of  the  bile  duct. 

Criteria  for  Routine  Intraoperative  Cholangiography 
Preoperative  Factors 

•  Failed  endoscopic  retrograde  cholangiography  +/- 
sphincterotomy 

•  Ultrasonographic  findings 

•  Common  bile  duct  size  (>  6  mm) 

•  Choledocholithiasis 

•  History  of  jaundice  or  pancreatitis 

•  Elevated  bilirubin,  alkaline  phosphatase,  transaminases. 

Intraoperative  Factors 

•  Unclear  anatomy 

•  Conversion  to  open  cholecystectomy 

•  Dilated  cystic  duct  over  4  mm. 

LAPAROSCOPIC  EXTRACTION  OF  COMMON 
BILE  DUCT  STONES 

Once  detected  during  laparoscopic  IOC,  laparoscopic 
extraction  of  CBD  stones  is  a  logical  extension  of  the 
procedure.  Laparoscopic  exploration  of  the  CBD  can  be 
performed  either  through  the  cystic  duct  or  by  laparoscopic 
choledochotomy.  A  critical  evaluation  of  the  retrospective 
and  prospective  series  on  laparoscopic  CBD  exploration 
published  since  1989  shows  that  both  procedures  are  feasible 
and  safe.  Any  comparisons  between  the  two  techniques 
would  be  fallacious  because  of  their  obviously  different 
indications.  Nonetheless,  whenever  feasible,  laparoscopic 
transcystic  CBD  exploration  best  fulfills  the  expectancy  of 
mini-invasive  approach.  Laparoscopic  management  of  CBD 
stones  is  considered  as  technically  difficult  and  demanding, 
requiring  advanced  laparoscopic  skills  as  well  as  expensive 
endoscopic  and  radiological  equipment.  Endoscopic 
sphincterotomy  is  commonly  proposed  preoperatively  as 
the  alternative  to  surgery  for  CBD  stones.  Endoscopic 
sphincterotomy  is  indicated  in  patients  with  severe 
cholangitis  for  urgent  drainage  of  infected  bile,  and  in 
patients  with  retained  stones  after  cholecystectomy.  In  open 
conventional  surgery,  controlled  studies  have  not  shown 
that  ES,  performed  prior  to  surgery  in  patients  with  CBD 
stones  in  situ,  was  superior  to  single-step  surgical 
management. 

In  case  of  preoperative  diagnosis  of  common  bile  duct 
stone,  options  for  management  include: 

•  Preoperative  ERCP  and  endoscopic  sphincterotomy 
followed  by  laparoscopic  cholecystectomy 

•  Conventional  open  common  bile  duct  exploration 

•  Laparoscopic  common  bile  duct  exploration. 


Today,  most  of  the  laparoscopic  surgeons  prefer  the 
“single-stage”  laparoscopic  approach  to  choledocholithiasis. 
None  of  the  randomized  trials  published  to  date  concluded 
superiority  of  endoscopic  treatment  alone  or  associated  with 
surgery  as  compared  to  first-line  surgical  treatment.  Immediate 
postoperative  mortality  was  2.6  percent  in  the  endoscopic 
group  as  opposed  to  1  percent  in  the  surgical  group.  In  global 
analysis,  the  rate  of  major  and  minor  complications  were 
respectively  8  and  10  percent  after  endoscopy  followed  by 
surgery,  and  8  and  15  percent  after  surgery  alone. 

Study  of  European  Association  for 
Endoscopic  Surgery  (EAES) 


ES:  Endoscopic  sphincterotomy 

LC:  Laparoscopic  cholecystectomy 

ERCP:  Endoscopic  retrograde  cholangiopancreaticography 

Choledocholithiasis  is  found  in  approximately 
10  to  20  percent  of  patients  who  undergo  open 
cholecystectomies.  In  the  era  of  laparoscopic 
cholecystectomies,  the  prevalence  of  CBD  stones  averages 
6  percent  (range;  3-10%).  The  incidence  of 
choledocholithiasis  increases  over  the  age  of  60.  To  achieve 
a  maximal  benefit  to  risk  ratio,  radiological  investigations 
of  the  CBD  should  be  restricted  to  patients  with  high 
suspicion  of  CBD  stones,  as  determined  by  preoperative 
predictive  scoring. 

Diagnostic  and  therapeutic  choices  in  cholelithiasis  must 
be  considered  conjointly.  Data  gathered  from  randomized 
trials  have  demonstrated  that  endoscopic  sphincterotomy, 
as  an  additional  procedure  to  surgery,  does  not  improve 
the  clinical  results  in  patients  fit  for  primary  single-stage 
surgical  treatment,  whether  performed  laparoscopically  or 
not.  Discussions  regarding  the  optimal  way  to  treat  patients 
with  demonstrated  CBD  stones  could  lead  to  endless  debate. 
Due  to  marginal  differences  between  the  endoscopic  and 
surgical  techniques,  the  number  of  patients  needed  to  show 
any  significant  difference  in  terms  of  morbidity,  mortality  or 
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136 

with  CBD  (%) 

109  (82) 

99  (73) 

Failed  ERCP  +/-  ES 

23  (17) 

Stone  clearance 

82/98  (84) 

ns 

Successful  LCBDE  (%) 

92/109  (84) 

12/17  (71) 

Conversions  (%) 

14  (13) 

5(5) 

ns 

Postoperative  ES 

3 

Complications 

21/133 

17/136 

ns 

Deaths 

0 

2 

Hospital  stay  (range) 

6.4  (4.2-12) 

9  (5.5-14) 

<  0.05 
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clearance  rates  would  be  enormous  and  therefore  unrealistic. 
Cholangitis,  jaundice,  and  CBD  stones,  as  demonstrated 
on  percutaneous  ultrasonography,  are  the  only  reliable 
preoperative  indicators  available  with  predictive  value  of 
CBD  stones  better  than  50  percent.  Severe  cholangitis  is  an 
unquestionable  indication  for  urgent  endoscopic  drainage, 
regardless  of  whether  the  CBD  can  be  cleared  of  associated 
stones  or  not.  The  notorious  insufficiencies  of  all  other 
preoperative  indicators  for  CBD  stones  should  lead  to  a 
requiem  for  preoperative  invasive  diagnostic  procedures, 
both  in  terms  of  risk,  benefits  and  costs. 

All  surgeons  undertaking  laparoscopic  cholecystectomy 
must  be  able  to  perform  an  IOC.  When  IOC  demonstrates 
CBD  stones,  appropriate  treatment  is  decided  according  to 
available  equipment  and  skills.  Transcystic  clearance  of  CBD 
stones  is  successful  in  at  least  two  of  three  patients.  In  case  of 
large  (more  than  20  mm)  stones  or  other  potential  difficulties 
as  regards  postoperative  endoscopic  sphincterotomy  such  as 
a  periampullary  diverticulum,  conversion  to  open  surgery  is 
indicated  in  case  of  failed  laparoscopic  CBD  exploration.  In 
the  other  cases,  the  available  data  do  not  allow  any  formal 
conclusions  regarding  the  alternative  between  advanced 
laparoscopic  biliary  explorations  and  postoperative 
endoscopic  sphincterotomy.  The  potential  risk  of  reoperation 
in  case  of  failed  postoperative  endoscopic  sphincterotomy 
might  be  more  theoretical  than  practical.  In  one  decision 
analysis,  assessing  different  approaches  to  using  ERC  in 
patients  undergoing  laparoscopic  cholecystectomy, 
postoperative  ERC  was  associated  with  less  costs  and 
morbidity,  but  laparoscopic  CBD  exploration  was  not 
considered  in  the  study  design.  Last,  before  embarking  on  a 
more  invasive  laparoscopic  CBD  exploration  policy  for  small 
stones,  irretrievable  by  the  transcystic  approach,  surgeons 
must  remember  that  asymptomatic  migration  does  exist,  even 
if  the  definitive  fate  of  small  CBD  stones  remains  unknown  at 
the  present  time.  The  potential  security  afforded  by  temporary 
biliary  drainage  still  has  to  be  balanced  with  its  unavoidable 
morbidity. 

PROCEDURE 

Patient  Position 

Patient  is  operated  in  the  supine  position  with  a  steep  head- 
up  and  left  tilt.  This  typical  positioning  of  laparoscopic 
choledochotomy  should  be  achieved  once  the 
pneumoperitoneum  has  been  established  (Fig.  14.1). 

Port  Position 

The  standard  4-port  configuration  for  laparoscopic 
cholecystectomy  is  used.  A  fifth-port  should  be  used  later 
between  the  right  midclavicular  and  epigastric  port  just  below 
the  subcostal  margin  for  inserting  the  choledochoscope. 


The  fundus  of  the  gallbladder  should  be  retracted 
towards  the  right  shoulder  and  the  Hartmann’s  pouch  should 
be  retracted  anterolaterally  towards  right  anterior  superior 
iliac  spine.  Dissection  began  onto  the  neck  of  the  gallbladder 
and  continued  proximally  until  the  junction  of  gallbladder 
with  the  cystic  duct  is  clearly  defined.  Dissection  should  be 
continued  proximally  onto  the  cystic  duct  until  there  was 
adequate  length  to  perform  cholangiogram. 

Cystic  duct  should  be  milked  towards  the  gallbladder  to 
dislodge  any  cystic  duct  stone  into  the  gallbladder.  Single 
titanium  clip  should  be  applied  on  the  gallbladder  side  of 
cystic  duct  to  prevent  any  back  slippage  of  gallstone  into  the 
CBD  and  to  prevent  biliary  spillage  into  the  operative  field. 

A  small  nick  in  the  cystic  duct  should  be  given  with  the 
help  of  hook  scissors  or  microscissors.  Intra  operative 
cholangiogram  should  be  performed  using  a  ureteric  catheter 
(4-5  Fr)  or  an  infant  feeding  tube  (no  5-6),  which  is  passed 
through  the  cystic  duct  into  the  CBD.  After  the  insertion  of 
the  catheter,  a  titanium  clip  should  be  applied  loosely  to 
prevent  any  back  leakage  of  the  contrast  medium.  Digital 
C-arm  fluoroscopy  provided  the  real  time  imaging  of  the 
biliary  tree.  In  cases  where  the  cystic  duct  could  not  be 
cannulated,  contrast  was  directly  injected  into  the  CBD 
through  a  24  Fr  lumbar  puncture  needle  percutaneously. 

On  cholangiogram,  surgeon  must  look  for  any  filling 
defect — its  size,  site,  number  of  bile  duct  stones,  and  free 
passage  of  contrast  into  the  duodenum  and  for  any 
anatomical  variation  of  the  biliary  tree. 

Transcystic  or  transcholedochal  approach  to  remove 
CBD  stones  should  be  decided  on  the  following  factors 
(Table  14.1). 

Common  bile  duct  stone  should  be  extracted  with  the 
help  of  Dormia  basket  /  balloon  catheter,  irrigation/suctioning 
or  by  simply  manipulating  bile  duct  using  blunt  forceps.  After 
retrieving  the  stones,  the  cystic  duct  stump  was  closed  with 
clips  or  extracorporeal  knots  and  the  gallbladder  was 
removed  in  the  usual  manner. 


Fig.  14.1:  Patient  position  for  laparoscopic  choledochotomy 
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For  transcholedochal  exploration  after  opening  up  of 
the  Calot’s  triangle,  the  anterior  surface  of  the  CBD  should 
be  dissected  carefully  and  choledochotomy  should  be 
performed  by  a  longitudinal  incision  with  the  help  of 
endoscopic  knife  just  below  the  insertion  of  the  cystic  duct 
into  the  bile  duct  (Figs  14.2A  to  D).  Before  giving  incision 


with  knife  mild  coagulation  of  serosal  surface  of  CBD  can 
help  in  prevent  oozing  (Figs  14. 3A  to  D).  The  single  large 
stone  can  be  retrieved  by  spontaneous  evacuation  while 
incising  the  bile  duct,  blunt  instrumental  pressure  with 
atraumatic  forceps  can  facilitate  its  easy  removal  (Figs  14.4A 
to  D). 


Table  14.1 :  Transcystic  versus  transcholedochal  approach  for  removal  of  CBD  stone 


Criteria 

Findings 

Transcystic 

approach 

Transcholedochal 

approach 

Any  of  these 
approach 

Diameter  of  cystic  duct 

<  3  mm 

Recommended 

Diameter  of  cystic  duct 

>  3  mm 

Recommended 

Recommended 

Recommended 

CBD  diameter 

<  7  mm 

Recommended 

CBD  diameter 

>  7  mm 

Recommended 

Recommended 

Recommended 

Large  stone  (>  6  mm) 

Recommended 

Number  of  stone 

Less  than  4 

Recommended 

Recommended 

Recommended 

Number  of  stone 

More  than  4 

Recommended 

Stone  location 

Proximal 

Recommended 

Stone  location 

Distal 

Recommended 

Junction  of  cystic  duct  with  CBD 

Right  lateral 

Recommended 

Junction  of  cystic  duct  with  CBD 

Left  lateral  or  posterior 

Recommended 

Stone  impacted  in  ampulla 

Yes 

Recommended 

Severe  inflammation  of  CBD 

Yes 

Recommended 

Laparoscopic  suturing 

Good 

Recommended 

Figs  14.2A  to  D:  Endo-knife  used  to  explore  CBD 
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Figs  14.3A  to  D:  Mild  coagulation  current  applied  over  serosal  surface  of  CBD 


Figs  14.4A  to  D:  Bigger  single  stone  can  be  extracted  by  milking 
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Figs  14.5A  to  D:  Fogarty  catheter  used  to  extract  stone 


Figs  14.6A  to  D:  Choledochoscope  with  Dormia  basket  is  used  to  extract  stone 


Figs  14.7A  to  D:  Introduction  of  T  tube 


Figs  14.8A  and  B 


In  the  case  of  multiple  stones  Dormia  basket,  Fogarty  use  5.5  Fr  bronchoscope  for  this  purpose  but  ideally 

balloon  catheter  or  irrigation  and  suction  can  be  used  to  choledochoscope  will  give  more  flexibility, 

remove  the  stone  (Figs  14.5  and  14.6).  Once  all  the  stone  is  removed  choledochotomy  should 

Completion  cholangiography  or  choledochoscopy  must  be  closed  over  a  T  tube  with  interrupted  vicryl  suture  (Figs 

be  performed  to  assess  any  remaining  stone.  Some  surgeon  14.7  to  14.9).  In  case  of  single  stone  primary  closure  of 
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Figs  14.8A  to  F:  T  tube  is  fixed  with  intracorporeal  interrupted  surgeons  knot 


Fig.  14.9:  Diagrammatic  representation  of  T  tube  fixation  with  intracorporeal  interrupted  surgeons  knot 


CBD  after  assessing  the  clearance  of  the  CBD  can  be  tried,  nasogastric  tube  drain  should  be  used  routinely  is  this  surgery 
After  bile  duct  closure,  cholecystectomy  should  be  which  is  usually  removed  on  day  3  to  4  as  the  output  decreased 
performed  in  the  usual  manner.  An  infrahepatic  below  30  ml/day. 
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Chapter 


Laparoscopic  Appendicectomy 


Appendicitis  was  first  recognized  as  a  disease  entity  in  the 
sixteenth  century  and  was  called  perityphlitis.  McBurney 
described  the  clinical  findings  in  1889.  Laparoscopic 
appendectomy  in  expert  hands  is  now  quite  safe  and 
effective.  It  is  an  excellent  alternative  for  patients  with  acute 
appendicitis.  First  successful  laparoscopic  appendicectomy 
was  performed  by  Semm  in  1982.  Although  laparoscopic 
appendicectomy  can  be  performed  in  all  group  of  patients, 
surgeons  agree  that  for  women  of  child  bearing  age, 
laparoscopic  appendectomy  is  unquestionably  the  method 
of  choice. 

LAPAROSCOPIC  ANATOMY 

The  appendix  is  derived  from  a  cecal  diverticulum  of  the 
fetus.  The  appendix  is  generally  within  1.7  cm  of  the 
ileocecal  junction.  Its  length  varies  from  2  to  20  cm,  average 
9  cm  (Fig.  15.1).  Most  of  the  time  when  telescope  is 
introduced  through  umbilicus,  appendix  is  hidden  behind 
the  cecum. 

The  anterior  tinea  coli  of  the  cecum  are  an  important 
landmark  which  leads  to  cecum  (Figs  15.2  and  15.3).  The 
triangular  mesoappendix  tethers  the  appendix  posteriorly 
which  contains  appendicular  artery  and  veins.  The 
appendicular  artery  is  a  branch  of  the  ileocolic  artery. 
Laparoscopic  exposure  of  the  appendix  is  facilitated  by 
gently  pulling  the  cecum  upward. 

The  base  of  the  appendix  must  be  visualized  to  avoid 
leaving  a  remnant  of  appendix  at  the  time  of  laparoscopic 
appendicectomy.  Exposures  of  retrocecal  appendix  require 
mobilization  of  right  colon.  The  peritoneal  reflection  is 
incised,  and  the  cecum  is  pulled  medially  to  visualize 
retrocecal  appendix. 

ADVANTAGE  OF  LAPAROSCOPIC  APPENDECTOMY 

Thorough  exposure  of  the  peritoneal  cavity  is  possible. 


Indications 


Laparoscopic  appendectomy 
Female  of  reproductive  age  group 
Female  of  premenopausal  group 
Suspected  appendicitis 
High  working  class 
Previous  lower  abdominal  surgery 
Obese  patients 

Disease  conditions  like  cirrhosis 
of  liver  and  sickle  cell  disease 

Immunocompromised  patients 


Open  appendectomy 
Complicated  appendicitis 
COPD  or  cardiac  disease 
Generalized  peritonitis 


Hypercoagulable  sites 
Stump  appendicitis  after 
previous  incomplete 
appendicectomy 


Relative  Contraindications 

•  Complicated  appendicitis 

•  Stump  appendicitis  (develops  after  previous  incomplete 
appendectomy) 


Fig.  15.1 :  Normal  laparoscopic  view  of  appendix 
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Figs  15.2A  and  B:  Anatomic  position  of  appendix 


Fig.  15.3:  Normal  appendix 


•  Poor  risk  for  general  anesthesia 

•  Some  cases  of  previous  extensive  pelvic  surgery. 

The  general  anesthesia  and  the  pneumoperitoneum 
required  as  part  of  the  laparoscopic  procedure  do  increase 
the  risk  in  certain  groups  of  patients.  Most  surgeons  would 
not  recommend  laparoscopic  appendectomy  in  those  with 
pre-existing  disease  conditions.  Patients  with  moderate  cardiac 
diseases  and  chronic  obstructive  pulmonary  disease  (COPD) 
should  not  be  considered  a  good  candidate  for  laparoscopy. 
The  laparoscopic  appendectomy  may  also  be  more  difficult 
in  patients  who  have  had  previous  lower  abdominal  surgery. 
The  elderly  may  also  be  at  increased  risk  for  complications 
with  general  anesthesia  combined  with  pneumoperitoneum. 


Patient  Position 

The  patient  is  in  supine  position,  arms  tucked  at  the  side. 
The  surgeon  stands  on  the  left  side  of  the  patient  with  the 
camera  holder-assistant  (Fig.  15.4).  For  maintaining  coaxial 
alignment  surgeon  should  stand  near  left  shoulder  and 
monitor  should  be  placed  near  right  hip  facing  towards 
surgeon.  In  female,  the  lithotomic  position  should  be  used 
because  it  may  be  necessary  to  use  uterine  manipulator  in 
difficult  diagnosis  (Fig.  15. 5A). 

Port  Position 

•  Total  3  trocar  should  be  used 

•  Two  10  mm,  umbilical  and  left  lower  quadrant  trocar 

•  One  5  mm  right  upper  quadrant  trocar 

•  The  right  upper  quadrant  trocar  can  be  moved  below 
the  bikini  line  in  females. 

ALTERNATIVE  PORT  AND  THEATER  SET-UP 

In  beauty  conscious  female  for  cosmetic  reason  the  base 
ball  diamond  concept  of  port  position  can  be  altered  and 
three  ports  should  be  placed  in  such  a  way  so  that  the  two  5 
mm  port  will  be  below  bikini  line.  Access  should  be 
performed  by  10  mm  umbilical  port.  Once  the  telescope  is 
inside  one  5  mm  port  should  be  placed  in  left  iliac  fossa 
below  the  bikini  line  under  vision.  Second  5  mm  port  should 
be  placed  in  right  iliac  fossa,  just  mirror  image  of  left  port. 
After  fixing  all  the  ports  in  position,  one  another  5  mm 
telescope  is  introduced  through  left  iliac  fossa  and  surgery 
should  be  performed  through  umbilical  port  (for  right  hand) 
and  left  iliac  fossa  port  (for  left  hand)  (Fig.  15.6).  In  this 
alternative  port  position  60°  manipulation  angle  cannot  be 
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achieved  and  it  is  ergonomically  difficult  for  surgeon,  but 
patient  will  get  cosmetic  benefit. 

This  alternative  port  position  for  laparoscopic 
appendicectomy  should  not  be  performed  in  case  of  retrocecal 
appendix  or  perforated  appendix  (Fig.  15.5B).  Alternative 
port  position  in  beauty  conscious  female  (Fig.  15.7). 


Operative  Technique 

Pneumoperitoneum  is  created  in  the  usual  fashion.  Three 
ports  are  used  in  atraumatic  grasper  (Endo  Babcock  or 
Dolphin  Nose  Grasper)  is  inserted  via  the  right  upper 
quadrant  trocar.  The  cecum  is  retracted  upward  toward  the 
liver.  In  most  cases,  this  maneuver  will  elevate  the  appendix 
in  the  optical  field  of  the  telescope. 

Retraction  of  Appendix 

The  appendix  is  grasped  at  its  tip  with  a  5  mm  claw  grasper 
via  the  RUQ  trocar.  It  is  held  in  upward  position.  After  the 
pelvis  is  inspected  the  appendix  is  identified,  mobilized  and 
examined  properly  (Figs  15.8  and  15.9).  Periappendiceal 
or  pericecal  adhesion  is  lysed  using  either  bipolar  or 
harmonics  and  scissors.  Left  lower  quadrant  (LLQ)  grasper 
is  used  to  create  a  mesenteric  window  behind  the  base  of 
the  appendix. 

A  dolphin  nose  grasper  is  used  to  create  a  mesenteric 
window  under  the  base  of  the  appendix.  The  window  should 
be  made  as  close  as  possible  to  the  base  of  the  appendix 
and  should  be  approximately  1  cm  in  size  (Fig.  15.10). 

The  mesoappendix  may  be  coagulated  using  bipolar  or 
harmonics,  it  can  be  or  clipped  or  stapled.  It  can  also  sutured 
and  cut  with  laparoscopic  scissors  to  skeletonize  the  appendix 
(Figs  15. 11  and  15.12). 

Extracorporeal  knotting  performed  (Meltzer  or  Tayside 
knot)  for  mesoappendix  as  well  as  appendix.  Two  endoloop 
sutures  are  passed  sequentially  through  one  of  the  5  mm 
port  and  pushed  around  the  base  of  appendix  on  top  of 
each  other  at  a  distance  of  3  to  5  mm.  A  third  endoloop 
suture  can  be  applied  6  mm  distal  to  the  second  suture  so 
that  surgeon  will  cut  between  second  and  third  (Figs  15.13A 
to  F) .  Hulka  tubal  clips  used  for  tubal  sterilization  can  also 
be  used  sometimes  to  secure  the  proximal  or  distal  portion 


Figs  15.5A  and  B:  (A)  Patient  position  in  female;  (B)  Variation  in  position  of  appendix 
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Fig.  15.6:  Port  position  in  appendicectomy 


Figs  15.9A  to  D:  Retraction  of  appendix  and  creation  of  a 
window  over  mesoappendix 


Fig.  15.8:  Retraction  of  appendix 


Fig.  15.10:  Window  in  mesoappendix 


of  the  appendix.  The  luminal  portion  of  the  appendiceal 
stump  is  sterilized  with  electrosurgery  to  prevent  spillage  and 
contamination  of  peritoneal  cavity.  Betadine  can  be  applied 
over  the  stump  of  appendix  and  thorough  suction  and 
irrigation  is  performed  either  by  normal  saline  or  Ringer’s 
lactate  solution. 

After  extracting  the  appendix  out  of  abdominal  cavity 
surgeon  should  examine  the  abdomen  for  any  possible 
bowel  injury  or  hemorrhage. 

Stapler  Appendicectomy 

The  stapling  devices  make  laparoscopic  appendectomy 
simpler  and  faster.  The  multifire  stapler  is  introduced  though 
a  12  mm  port.  The  appendix  may  be  transacted  by  inserting 
an  ENDO  GIA  instrument  via  the  RUQ  trocar  (blue  cartridge, 
3.5),  closing  it  around  the  base  of  the  appendix  and  firing 
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Figs  15.11  A  to  F:  Successive  bipolar  dissection  and  cutting 
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Figs  15.12A  and  B:  Dissection  of  mesoappendix  by 
monopolar  hook 


it.  For  perforated  appendicitis  with  or  without  an  intra¬ 
abdominal  abscess,  a  drain  is  left  in  the  RLQ  and  pelvis 
(Figs  15.14A  to  C). 

Extracorporeal  knot  (Meltzer,  Roeder  or  Tayside  knot) 
should  be  preferred  over  stapler,  depending  on  the  surgeon's 
expertise. 

Extraction  of  Appendix 

The  appendix  can  be  removed  from  the  abdomen  with  the 
help  of  grasping  forceps  placed  through  one  of  the  10  mm 
port.  However,  this  may  contaminate  both  the  cannula  and 
instrument.  Alternatively,  an  endoloop  suture  which  was 
tied  last  can  be  used  instead  of  grasping  forceps  to  pull  the 
appendix  out. 


Figs  15.13A  to  F:  Tying  Roeder's  or  Meltzer's  knot  over 
appendix 

Abdomen  should  be  examined  for  any  possible  bowel 
injury  or  hemorrhage.  All  the  instruments  should  be  removed 
carefully.  The  wound  should  be  closed  with  suture.  Use  Vicryl 
for  rectus  and  unabsorbable  intradermal  or  stapler  for  skin. 
Adhesive  sterile  dressing  should  be  applied  over  the  wound. 

RISK  FACTORS  IN  LAPAROSCOPIC 
APPENDECTOMY 

Missed  Diagnosis 

There  is  report  also  of  mucinous  cystadenoma  of  the  cecum 
missed  at  laparoscopic  appendectomy.  Less  than  1  percent 
of  all  patients  with  suspected  acute  appendicitis  are  found 
to  have  an  associated  malignant  process.  During 
conventional  appendectomy,  through  a  laparotomy 
incision,  the  cecum  and  the  appendix  are  easily  palpated, 
and  an  obvious  mass  can  be  detected  and  properly 
managed  at  the  time  of  appendectomy.  The  inability  to 
palpate  any  mass  is  an  inherent  inadequacy  of  laparoscopic 
surgery. 

Bleeding 

Bleeding  may  occur  from  the  mesoappendix,  omental 
vessels  or  retroperitoneum.  Bleeding  is  usually  recognized 
intraoperatively  via  adequate  exposure,  lighting  and  suction. 
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Figs  15.14A  to  C:  Stapler  appendicectomy 


It  is  recognized  postoperatively  by  tachycardia,  hypotension, 
decreased  urine  output,  anemia  or  other  evidence  of 
hemorrhagic  shock. 

Visceral  Injury 

Risk  of  accidental  burns  is  higher  with  monopolar  system 
because  electricity  seeks  the  path  of  least  resistance  which 
may  be  adjacent  bowel.  In  a  bipolar  system  since  the  current 
does  not  have  to  travel  through  the  patient,  there  is  little 
chance  of  injury  to  remote  viscera.  In  laparoscopic 
appendectomy,  only  bipolar  current  should  be  used. 
Laparoscopists  should  also  routinely  explore  the  rest  of  the 
abdomen. 

Wound  Infection 

Proper  tissue  retrieval  technique  is  required  to  prevent 
wound  infection  after  appendectomy. 


It  is  recognized  by  erythema,  fluctuation  and  purulent 
drainage  from  port  sites.  The  absence  of  wound  infections 
after  laparoscopic  appendectomy  can  be  attributed  to  the 
practice  of  placing  the  appendix  in  a  sterile  bag  or  into  the 
trocar  sleeve  prior  to  removal  from  the  abdomen.  The  regular 
use  of  retrieval  bag  is  a  very  good  practice  for  preventing 
infection  of  the  wound. 

Incomplete  Appendectomy 

If  surgeon  is  not  experienced,  the  stump  of  the  appendix 
may  be  too  long.  There  is  a  report  of  intra-abdominal  abscess 
formation  due  to  retained  fecolith  after  laparoscopic 
appendectomy.  It  is  important  that  the  surgeons  performing 
laparoscopic  appendectomy  should  remove  fecolith  if  found, 
and  the  stump  of  appendix  should  not  be  big  enough  to 
contain  any  remaining  fecolith.  Incomplete  appendectomy 
is  a  result  of  ligation  of  the  appendix  too  far  from  the  base. 
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It  may  lead  to  recurrent  appendicitis,  which  presents  with 
symptoms  and  signs  of  appendicitis  even  after  laparoscopic 
appendectomy. 

Some  surgeons  prefer  stapling  of  the  appendiceal  stump 
for  laparoscopic  appendectomy  for  the  treatment  of  all  forms 
of  appendicitis  (Figs  15.14  and  15.15).  But  most  of  the 
surgeons  now  agree  that  ligation  of  the  appendectomy  stump 
is  the  best  approach  (Figs  15.16  to  15.18).  There  is  report 
of  slippage  of  clip,  residual  appendicitis  followed  by  abscess 
formation  after  using  clip  for  appendiceal  stump.  The  ligation 
should  be  preformed  by  using  endoloop,  an  intracorporeal 
surgeon’s  knot,  or  done  extracorporeally  using  a  Meltzer's 
knot  or  Tayside  knot.  The  security  of  the  knot  is  essential.  It 
is  influenced  by  the  proper  port  location  and  experience  of 
the  surgeon. 

Leakage  of  Purulent  Exudates 

It  is  usually  seen  intraoperatively  while  dissecting  appendix. 
Copious  irrigation  and  suction  followed  by  continued 
antibiotics  can  prevent  this  complication  until  patient  is 
afebrile  with  a  normal  white  blood  cell  count.  Retrieval  bag 
should  be  used  to  prevent  the  spillage  of  infected  material 
from  the  appendiceal  lumen. 

Intra-abdominal  Abscess 

This  postoperative  morbidity  is  recognized  by  prolonged  ileus, 
sluggish  recovery,  rising  leukocytosis,  spiking  fevers,  tachycardia 
and  rarely  a  palpable  mass.  After  confirmation  of  the  intra¬ 
abdominal  abscess  drainage  of  pus  followed  by  antibiotic 
therapy  is  essential.  Sometimes,  laparotomy  may  be  required. 


Hernia 

Trocar  site  hernia  as  visible  or  palpable  bulge  is  sometimes 
encountered.  Possible  occult  hernia  is  manifested  by  pain 
or  symptoms  of  bowel  obstruction. 

Laparoscopic  Assisted  Appendectomy 

It  has  been  described  for  cases  in  which  the  proper 
endoscopic  instruments  and  sutures  are  unavailable.  The 
laparoscope  facilitates  the  diagnosis  of  acute  appendicitis 
and  a  grasper  is  passed  through  an  accessory  trocar  located 
just  over  the  McBurney's  point.  The  tip  of  the  appendix  is 
grasped  and  then  pulled  along  with  cannula  and  grasper 
(Figs  15.19  and  15.20).  Once  the  appendix  is  exteriorized 


Fig.  15.16:  Tying  Roeder’s  knot  at  the  time  of  appendicectomy 


Fig.  15.17:  Three  Roeder’s  or  Meltzer's  knot  over  appendix 
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Figs  15.18A  to  C:  Amputation  of  appendix 


Fig.  15.19:  Amputated  appendix  inside  the  cannula 


Fig.  15.20:  Appendix  hidden  in  cannula  is  ejected  out 


the  routine  appendectomy  is  performed  through  this  small 
abdominal  incision.  This  procedure  usually  takes  less  time 
than  total  laparoscopic  appendectomy  but  it  has  more 
incidence  of  incomplete  appendectomy. 

Discussion 

Laparoscopic  appendectomy  has  gained  lot  of  attention 
around  the  world.  However,  the  role  of  laparoscopy  for 
appendectomy,  one  of  the  commonest  indications,  remains 
controversial.  Several  controlled  trials  have  been  conducted, 
some  are  in  favor  of  laparoscopy,  others  not.  There  is  also 
diversity  in  the  quality  of  the  randomized  controlled  trials. 
The  main  variable  in  these  trials  are  following  parameters: 

•  Number  of  patients  in  trial 

•  Withdrawal  of  cases 

•  Exclusion  of  cases 

•  Blinding 

•  Intention  to  treat  analysis 

•  Publication  biases 

•  Local  practice  variation 


•  Prophylactic  antibiotic  used 

•  Follow-up  failure. 

Without  proper  attention  to  the  detail  of  all  the 
parameters  it  is  very  difficult  to  draw  a  conclusion.  It  has 
been  found  among  the  surgeons  that  there  is  a  hidden 
competition  between  laparoscopic  surgeons  and  the 
surgeons  who  are  still  doing  conventional  surgery,  and  this 
competition  influences  the  result  of  study.  One  should  always 
think  of  laparoscopic  surgery  and  open  procedures  as  being 
complimentary  to  each  other. 

A  successful  outcome  requires  greater  skills  from  the 
operator.  The  result  of  many  comparative  studies  have 
shown  that  outcome  of  laparoscopic  appendectomy  was 
influenced  by  the  experience  and  technique  of  the  operator. 
Minimal  access  surgery  requires  different  skills  and 
technological  knowledge.  With  a  clear  diagnosis  of 
complicated  appendicitis,  the  skill  and  experience  of  the 
surgeon  should  be  considered  for  the  selection  of  operating 
method.  Surgeons  should  perform  the  procedure  with  which 
they  are  more  comfortable. 
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Laparoscopic  appendectomy  is  equally  safe  and  can 
provide  less  postoperative  morbidity  in  experienced  hands, 
as  in  open  appendectomy.  Most  cases  of  acute  appendicitis 
can  be  treated  laparoscopically.  Laparoscopic 
appendectomy  is  a  useful  method  for  reducing  hospital  stay, 
complications  and  return  to  normal  activity.  With  better 
training  in  minimal  access  surgery  now  available,  the  time 
has  arrived  for  it  to  take  its  place  in  the  surgeon's  repertoire. 
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Chapter 


Laparoscopic  Repair 
Inguinal  Hernia 


Inguinal  hernia  results  from  a  hole  or  defect  in  the  muscles, 
through  which  the  peritoneum  protrudes,  forming  the  sac 
(Figs  16.1  and  16.5).  Inguinal  herniorrhaphy  is  one  of  the 
most  common  operations  that  general  surgeons  perform. 
Laparoscopic  herniorrhaphy  is  being  done  at  a  time  when 
laparoscopic  cholecystectomy  has  shown  definite  benefits 
over  the  open  technique.  But  unlike  laparoscopic 
cholecystectomy,  laparoscopic  hernia  repair  is  an  advanced 
laparoscopic  procedure  and  has  a  longer  learning  curve.  In 
addition,  TEP  requires  higher  technical  expertise  for 
successful  results. 

Ger  in  1982,  attempted  minimal  access  groin  hernia 
repair  by  closing  the  opening  of  an  indirect  inguinal  hernial 
sac  using  Michel  clips.  Bogojavlensky  in  1989  modified  the 
technique  by  intracorporeal  suture  of  the  deep  ring  after 
plugging  a  PPM  into  the  sac.  Toy  and  Smoot  in  1991, 
described  a  technique  of  intraperitoneal  onlay  mesh  (IPOM) 
placement,  where  an  intra-abdominal  piece  of 


Fig.  16.1 :  Bilateral  direct  hernia 


polypropylene  or  e-PTFE  was  stapled  over  the  myopectineal 
orifice  without  dissection  of  the  peritoneum. 

The  present  day  techniques  of  laparoscopic  hernia  repair 
evolved  from  Stoppa’s  concept  of  pre-peritoneal 
reinforcement  of  fascia  transversalis  over  the  myopectineal 
orifice  with  its  multiple  openings  by  a  prosthetic  mesh.  In 
the  early  1990’s  Arregui  and  Doin  described  the 
transabdominal  preperitoneal  (TAPP)  repair,  where  the 
abdominal  cavity  is  first  entered,  peritoneum  over  the 
posterior  wall  of  the  inguinal  canal  is  incised  to  enter  into 
the  avascular  preperitoneal  plane  which  is  adequately 
dissected  to  place  a  large  (15  x  10  cm)  mesh  over  the  hernial 
orifices.  After  fixation  of  the  mesh,  the  peritoneum  is  carefully 
sutured  or  stapled.  TAPP  approach  has  the  advantage  of 
identifying  missed  additional  direct  or  femoral  hernia  during 
the  first  operation  itself. 

Around  the  same  time  Phillips  and  McKernan  described 
the  totally  extraperitoneal  (TEP)  technique  of  endoscopic 
hernioplasty  where  the  peritoneal  cavity  is  not  breached 
and  the  entire  dissection  is  performed  bluntly  in  the 
extraperitoneal  space  with  a  balloon  device  or  the  tip  of  the 
laparoscope  itself.  An  advanced  knowledge  of  the  posterior 
anatomy  of  the  inguinal  region  is  imperative.  Once  the 
dissection  is  complete,  a  15  x  10  cm  mesh  is  stapled  in 
place  over  the  myopectineal  orifice.  It  appears  to  be  the 
most  common  endoscopic  repair  today. 

In  both  these  repairs,  the  mesh  in  direct  contact  with  the 
fascia  of  the  transversalis  muscle  in  the  pre-peritoneal  space, 
allows  tissue  ingrowths  leading  to  the  fixation  of  the  mesh 
(as  opposed  to  being  in  contact  to  the  peritoneum  as  in 
IPOM  repair  where  it  is  prone  to  migrate). 

LAPAROSCOPIC  ANATOMY 

In  the  lower  abdomen  there  are  five  peritoneal  folds  or  ligaments 
which  are  seen  through  the  laparoscope  in  umbilicus.  These 
ligaments  are  generally  overlooked  at  the  time  of  open  surgery. 


206 


Section  2:  Laparoscopic  General  Surgical  Procedures 


One  Median  Umbilical  Ligament 

In  the  midline  there  is  median  umbilical  ligament  extends 
from  the  mid  of  urinary  bladder  up  to  the  umbilicus.  Median 
umbilical  ligament  is  obliterated  urachus  (Fig.  16.2). 

Two  Medial  Umbilical  Ligament  One 
on  Either  Side 

The  paired  medial  umbilical  ligament  is  obliterated  umbilical 
artery  except  where  the  superior  vesical  arteries  are  found 
in  the  pelvic  portion.  The  medial  umbilical  ligaments  are 
the  most  prominent  fold  of  the  peritoneum.  Sometimes,  it 
hangs  down  and  obscure  the  vision  of  lateral  pelvic  wall. 
These  ligaments  are  important  landmark  for  the  lateral  extent 
of  the  urinary  bladder  (Figs  16. 3 A  and  B). 

Two  Lateral  Umbilical  Ligaments 

Lateral  to  the  medial  umbilical  ligament,  the  less  prominent 
paired  lateral  umbilical  fold  contains  the  inferior  epigastric 


vessels.  The  inferior  epigastric  artery  is  lateral  border  of 
Hesselbach's  triangle  and  hence  is  useful  landmark  for 
differentiating  between  direct  and  indirect  hernia.  Any  defect 
lateral  to  the  lateral  umbilical  ligament  is  indirect  hernia  and 
medial  to  it  is  direct  inguinal  hernia  (Fig.  16.4). 

The  femoral  hernia  is  below  and  slightly  medial  to  the 
lateral  inguinal  fossa,  separated  from  it  by  the  medial  end 
of  the  iliopubic  tract  internally  and  the  inguinal  ligament 
externally. 

Important  landmarks  for  extraperitoneal  hernia 
dissection  include  the  musculoaponeurotic  layers  of  the 
abdominal  wall,  the  bladder,  Cooper’s  ligament  and  the 
iliopubic  tract.  The  inferior  epigastric  artery  and  vein,  the 
gonadal  vessels  and  vas  deferens  should  also  be  recognized. 
The  space  of  Retzius  lies  between  the  vesicoumbilical  fascia 
posteriorly  and  the  posterior  rectus  sheath  and  pubic  bone, 
anteriorly.  This  is  the  space  first  entered  in  extraperitoneal 
repair  of  hernia. 

Three  dangerous  areas  where  stapling  and  electrosurgery 
should  be  avoided: 


Median  umbilical 
ligament 
Medial  umbilical 
ligament 

Lateral  umbilical 
ligament 


Fig.  16.2:  Diagrammatic  representation  of  ligaments 


Triangle  of  Doom  (Fig.  16.5) 

The  triangle  of  doom  is  defined  by  vas  deferens  medially, 
spermatic  vessels  laterally  and  external  iliac  vessels  interiorly. 
This  triangle  contains  external  iliac  artery  and  vessels,  the 
deep  circumflex  iliac  vein,  the  genital  branch  of  genitofemoral 
nerve  and  hidden  by  fascia,  the  femoral  nerve.  Staple  should 
not  be  applied  in  this  triangle  otherwise;  chances  of  mortality 
are  there  if  these  great  vessels  are  injured. 

Triangle  of  Pain 

Triangle  of  pain  is  defined  as  spermatic  vessel  medially,  the 
iliopubic  tract  laterally  and  interiorly  the  inferior  edge  of 


Figs  16.3A  and  B:  Important  landmarks  in  laparoscopic  hernia  repair:  (1)  Medial  umbilical  ligament;  (2)  Inferior  epigastric  vessels; 
(3)  Spermatic  vessels;  (4)  Vas  deferens;  (5)  External  iliac  vessels  in  “Triangle  of  doom”;  (6)  Indirect  defect 
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Fig.  16.4:  Left  side  indirect  hernia 
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Fig.  16.5:  Triangle  of  doom 


skin  incision.  This  triangle  contains  lateral  femoral  cutaneous 
nerve  and  anterior  femoral  cutaneous  nerve  of  thigh.  The 
staple  in  this  area  should  be  less  because  nerve  entrapment 
can  cause  neuralgia. 

Circle  of  Death 

This  is  also  called  as  corona  mortis  and  refers  to  vascular 
ring  form  by  the  anastomosis  of  an  aberrant  obturator  artery 
with  the  normal  obturator  artery  arising  from  a  branch  of 
the  internal  iliac  artery.  At  the  time  of  laparoscopic  hernia  if 
this  vessel  is  torn,  both  ends  of  vessel  can  bleed  profusely, 
because  both  arise  from  a  major  artery. 

The  surgeon  should  remember  these  anatomic 
landmarks  and  the  point  of  mesh  fixation  should  be  selected 
superiorly,  laterally  and  medially. 


INDICATIONS  OF  LAPAROSCOPIC  REPAIR 
OF  HERNIA 

The  indications  for  performing  a  laparoscopic  hernia  repair 
are  essentially  the  same  as  repairing  the  hernia 
conventionally.  There  are,  however,  certain  situations  where 
laparoscopic  hernia  repair  may  offer  definite  benefit  over 
conventional  surgery  to  the  patients.  These  include: 

•  Bilateral  inguinal  hernias 

•  Recurrent  inguinal  hernias. 

In  recurrent  hernia,  surgery  failure  rate  is  as  high  as  25 
to  30  percent,  if  again  repaired  by  open  surgery.  The 
distorted  anatomy  after  repeated  surgery  makes  it  more 
prone  to  recurrence  and  other  complications  like  ischemic 
orchitis.  In  recurrent  hernia,  the  laparoscopic  approach  offers 
repair  through  the  inner  healthy  tissues  with  clear  anatomical 
planes  and  thus,  a  lower  failure  rate.  In  laparoscopic  bilateral 
repair  with  three  ports  technique,  there  is  simultaneous 
access  to  both  sides  without  any  additional  trocar  placement. 
Even  in  patients  with  clinically  unilateral  defect  after  entering 
inside  the  abdominal  cavity,  there  is  20  to  50  percent 
incidence  of  a  contralateral  asymptomatic  hernia  being 
found  which  can  be  repaired,  simultaneously,  without  any 
additional  morbidity  of  the  patient. 

Contraindications  of  Laparoscopic 
Repair  of  Hernia 

•  Nonreducible,  incarcerated  inguinal  hernia 

•  Prior  laparoscopic  herniorrhaphy 

•  Massive  scrotal  hernia 

•  Prior  pelvic  lymph  node  resection 

•  Prior  groin  irradiation. 

ADVANTAGES  OF  LAPAROSCOPIC  APPROACH 

•  Tension  free  repair  that  reinforces  the  entire  myo- 
pectoneal  orifice 

•  Less  tissue  dissection  and  disruption  of  tissue  planes 

•  Three  ports  are  adequate  for  all  type  of  hernias 

•  Less  pain  postoperatively 

•  Low  intraoperatively  and  postoperative  complications 

•  Early  return  to  work. 

DISADVANTAGES  OF  OPEN  METHOD 

•  Requires  4  to  6  inches  of  incision  at  the  groin 

•  Generally  very  painful,  because  of  muscle  spasm 

•  Considerable  postoperative  swelling  of  tissues  in  groin, 
around  the  wound. 

•  Requires  cutting  through  the  skin,  fat,  and  good  muscles  in 
order  to  gain  access  for  repair,  which  in  itself  causes  damage. 
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•  Frequent  complications  of  wound  hematomas,  wound 
infection,  scrotal  hematomas  and  neuroma. 

•  Usually  takes  6  to  8  weeks  for  recovery. 

•  Sometimes  long-term  disability,  may  follow,  e.g. 
neuralgia,  neuroma  and  testicular  ischemia. 

•  Whether  a  flat  mesh  or  a  plug  is  used  from  the  front, 
they  do  not  hold  themselves  in  place;  what  holds  them 
in  place  are  stitches,  so  the  strength  of  the  repair  still 
depends  on  the  stitches,  not  so  much  on  the  mesh  or 
plug. 

•  Bilateral  inguinal  hernias  require  2  incisions,  doubling 
the  pain;  or  2  operations. 

•  Recurrent  inguinal  hernias  are  very  difficult  to  operate 
open,  and  more  liable  to  complications. 

•  The  size  of  mesh  used  in  open  methods  is  limited  by 
natural  fusion  of  muscles. 

•  All  meshes  and  plugs  shrink  with  time,  and  this  works 
against  all  open  methods. 

Any  method  of  repair  must  achieve  2  fundamental  goals, 
removal  of  the  sac  from  the  defect  and  durable  closure  of 
the  defect.  In  addition  the  ideal  method  should  achieve  these 
with  the  least  invasion,  pain  or  disturbance  of  normal 
anatomy.  Laparoscopic  repair  in  expert  hands  is  now  quite 
safe  and  effective,  and  is  an  excellent  alternative  for  patients 
with  inguinal  hernia.  It  is  confusion  that  laparoscopic  repair 
is  more  complex  and  is  not  widely  available.  The  public 
needs  to  be  educated  as  to  its  advantages.  All  surgeons  agree 
that  for  bilateral  or  recurrent  inguinal  hernias,  laparoscopic 
repair  is  unquestionably  the  method  of  choice.  The  argument 
against  its  use  for  unilateral  or  primary  inguinal  hernias  is 
unfounded  if  it  is  the  best  for  bilateral  or  recurrent  hernias. 

Types  of  Laparoscopic  Hernia  Repair 

Many  techniques  were  used  to  repair  hernia  like: 

•  Simple  closure  of  the  internal  rings 

•  Plug  and  patch  repair 

•  Intraperitoneal  onlay  mesh  repair 

•  Transabdominal  preperitoneal  mesh  repair  (TAPP) 

•  Total  extraperitoneal  repair  (TEP). 

The  technique  of  transabdominal  preperitoneal  repair 
was  first  described  by  Arregui  in  1991 .  In  the  transabdominal 
preperitoneal  (TAPP)  repair,  the  peritoneal  cavity  is  entered, 
the  peritoneum  is  dissected  from  the  myopectineal  orifice, 
mesh  prosthesis  is  secured,  and  the  peritoneal  defect  is 
closed.  This  technique  has  been  criticized  for  exposing  intra¬ 
abdominal  organs  to  potential  complications,  including  small 
bowel  injury  and  obstruction. 

The  totally  extraperitoneal  (TEP)  repair  maintains 
peritoneal  integrity,  theoretically  eliminating  these  risks  while 
allowing  direct  visualization  of  the  groin  anatomy,  which  is 
critical  for  a  successful  repair.  The  TEP  hernioplasty  follows 


the  basic  principles  of  the  open  preperitoneal  giant  mesh 
repair,  as  first  described  by  Stoppa  in  1975  for  the  repair  of 
bilateral  hernias. 

Patient  Selection 

The  general  anesthesia  and  the  pneumoperitoneum  required 
as  part  of  the  laparoscopic  procedure  do  increase  the  risk  in 
certain  groups  of  patients.  Most  surgeons  would  not 
recommend  laparoscopic  hernia  repair  in  those  with  pre¬ 
existing  disease  conditions.  Patients  with  cardiac  diseases 
and  COPD  should  not  be  considered  a  good  candidate  for 
laparoscopy.  The  laparoscopic  hernia  repair  may  also  be 
more  difficult  in  patients  who  have  had  previous  lower 
abdominal  surgery.  The  elderly  may  also  be  at  increased 
risk  for  complications  with  general  anesthesia  combined  with 
pneumoperitoneum . 

If  the  patient  is  young  or  the  hernia  small,  it  does  not 
matter  how  the  hernia  is  repaired.  Many  surgeons  agree 
that  for  bilateral  or  recurrent  inguinal  hernias,  laparoscopic 
repair  is  unquestionably  the  method  of  choice. 

Laparoscopic  surgery  is  not  recommended  for  big 
irreducible  and  incarcerated  hernia.  Hernia  repair  like  many 
other  laparoscopic  procedures  should  not  be  performed 
under  local  anesthesia.  Small  direct  hernia  can  be  performed 
under  spinal  anesthesia  if  TEP  is  planned  but  best  anesthesia 
for  laparoscopic  hernia  repair  is  GA. 

TRANSABDOMINAL  PREPERITONEAL 
REPAIR  OF  INGUINAL  HERNIA 

Position  of  Surgical  Team 

Surgeon  stands  towards  the  opposite  side  of  the  hernia 
near  the  shoulder.  Camera  assistant  should  stand  either 
right  to  the  patient  or  on  the  opposite  side  of  the  patient 
(Fig.  16.6). 

Port  Position 

The  position  of  port  is  laparoscopic  repair  of  trans-abdominal 
hernia  repair  should  be  again  according  to  base  ball  diamond 
concept  (Figs  16. 7A  to  C).  Please  refer  chapter  6. 

The  telescopic  port  should  be  in  umbilicus.  30°  telescope 
is  better  choice  for  laparoscopic  hernia  surgery.  A  10  mm 
umbilical  port  is  used.  Two  other  ports,  usually  10  mm  for 
dominant  hand  and  5  mm  for  nondominant  hand,  are 
placed  lateral  to  the  umbilicus  (Figs  16. 8A  to  C).  In  a  left 
sided  hernia  the  right  lateral  port  should  be  in  right  iliac 
fossa  and  left  port  in  left  hypochondrium  so  that  both  the 
instrument  should  make  a  manipulation  angle  of  60°.  In 
right  sided  hernia  surgery  right  port  should  move  up  towards 
hypochondrium  and  left  port  will  come  down  to  make  the 
triangle. 
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After  access,  diagnostic  laparoscopy  is  performed  to  rule 
out  any  adhesion  or  other  intra-abdominal  lesion.  All  the 
important  anatomical  landmark  of  hernia  surgery  is  identified 
with  the  help  of  telescope  and  one  atraumatic  grasper.  The 
important  landmarks  of  laparoscopic  hernia  repair  are  the 
pubic  bone  and  inferior  epigastric  vessels.  The  defect  should 
be  seen  carefully  and  if  any  content  is  present  inside  the  sac 
it  should  be  reduced  gently.  A  sliding  hernia  of  colon  should 
be  carefully  reduced  because  chances  of  perforation  of  large 
bowel  are  more  than  other  viscus  so  the  assistant  should 
reduce  the  hernia  by  pressing  it  from  outside.  Asistant  should 
reduce  the  hernia  by  pressing  the  bulge  from  outside.  Any 
adhesion  between  bowel  and  omentum  should  be  divided 
carefully  using  bipolar  and  scissors. 

The  next  step  of  transabdominal  preperitoneal  repair 
of  hernia  is  creation  of  preperitoneal  space.  Many  surgeons 
like  to  do  hydrodissection  to  create  this  preperitoneal  space 
just  by  injecting  normal  saline  into  preperitoneal  space. 
Some  surgeon  think  that  it  is  easy  to  create  preperitoneal 
space  is  easy  with  sharp  dissection  as  well.  The  peritoneum 
is  cut  minimum  4  cm  lateral  to  the  outer  margin  of  deep 
ring  at  2  O’clock  position  if  the  hernia  is  right  side  and 
10  O’clock  position  for  the  left  side  of  hernia.  Medial 
dissection  of  peritoneal  incision  should  continue  up  to 
medial  umbilical  ligament  (Fig.  16.9).  Going  medial  to 
medial  umbilical  ligament  is  risky  because  there  is  fear  of 
injury  of  urinary  bladder.  The  flap  of  peritoneum  is 
separated  from  above  downward  as  soon  as  it  will  reach 
at  the  site  of  internal  ring  the  hernia  sac  will  be  encountered. 


Figs  16.7A  to  C:  (A)  Port  position  of  right  sided  hernia;  (B)  Port  position  of  bilateral  hernia;  (C)  Port  position  of  left  sided  hernia 
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Figs  16.8A  to  C:  (1  Camera,  2,3-Instrument):  (A)  Port  position  of  right  sided  hernia;  (B)  Port  position  of  surgical  team 

(C)  Port  position  right  hernia 


Dissection  should  be  started  with  opening  the  peritoneum 
lateral  to  the  medial  umbilical  fold  in  order  to  identify 
Cooper’s  ligament.  Stoppa’s  parietalization  technique  should 
be  used  for  dissection  of  the  spermatic  cord  from  the 
peritoneum  by  separating  the  elements  of  the  spermatic  cord 
from  the  peritoneum  and  peritoneal  sac  (Fig.  16.10). 

In  case  of  indirect  defect  the  hernial  sac  has  to  be  either 
gently  dissected  free  or  inverted  or  if  it  is  completely  adhered 
with  the  transversalis  fascia  and  cord  structure  it  can  be 
transected.  Surgeons  should  use  both  blunt  and  sharp 
dissection  and  the  sac  is  dissected  off  the  anterior  abdominal 
wall.  After  being  reduced  partially  it  is  ligated  using  an  endo- 
loop  and  then  transected  with  scissors.  In  case  of  bilateral 
hernias,  the  procedure  is  repeated  on  the  other  side.  The 
vas  and  spermatic  vessels  has  been  separated  from  sac.  The 
next  step  is  separation  of  sac  from  cord  structures  and 
dissection  for  creation  of  proper  lateral  space  for  placement 
of  mesh.  Lateral  limit  of  dissection  is  the  anterosuperior  iliac 
spine  while  inferior  limit  laterally  is  the  psoas  muscle. 
Dissection  should  be  avoided  in  the  “triangle  of  doom” 
which  is  bounded  medially  by  the  vas  deferens  and  laterally 
by  the  gonadal  vessels.  A  large  hernial  sac  creates  multiple 
planes  and  it  is  easy  for  the  beginners  to  get  disoriented 
with  sac  vas  and  vessel.  The  best  way  to  avoid  this  confusion 
is  that  surgeon  should  keep  himself  as  close  as  possible  to 
the  outer  surface  of  peritoneum.  If  the  spermatic  vessels  are 
injured  accidentally  it  can  be  clipped.  Even  if  the  testicular 
vessel  is  injured,  the  testes  will  get  the  blood  supply  from 
collateral  vessels  developed  through  cremasteric. 

In  direct  hernias  the  creation  of  preperitoneal  space  is 
comparatively  easy  as  there  is  no  chance  of  injury  of 
spermatic  vessels  and  vas.  The  bulge  in  the  transversalis 
fascia  may  be  repaired  by  suturing  or  stapling. 

The  tacker  application  and  application  of  electrosurgery 
should  be  very  careful  at  the  triangle  of  doom,  triangle  of 


Fig.  16.9:  Incision  over  peritoneum 


Fig.  16.10:  Creation  of  preperitoneal  space 
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pain  and  trapezoid  of  disaster.  In  case  of  massive  complete 
indirect  scrotal  hernias,  no  attempt  should  be  made  to  reduce 
the  sac  completely  as  it  may  increase  the  risk  of  testicular 
nerve  injury  and  hematoma  formation. 

Placement  of  the  Mesh 

Criteria  for  laparoscopic  mesh 

•  Nonabsorbable 

•  Adequate  size 

•  Adequate  memory. 

A  Proline  mesh  of  appropriate  size,  usually  15  x  15  cm 
should  be  taken  and  one  corner  of  mesh  should  be  tailored 
(Fig.  16.11).  Mesh  should  be  rolled  and  loaded  backward 
in  one  of  the  port.  Mesh  is  placed  inside  the  abdominal 
cavity  through  12  mm  port.  If  surgery  is  being  performed 
by  10  mm  port  only  the  port  should  be  removed  and  rolled 
mesh  should  be  introduced  though  the  port  wound  directly 
(Fig.  16.12).  After  introduction  of  mesh  it  is  unrolled  when 
it  reaches  in  peritoneal  cavity.  The  mesh  is  fixed  medially 
over  the  Cooper’s  ligament  and  pubic  bone  using  a  tacker 
or  anchor  (Figs  16.13A  andB).  The  tailored  corner  of  mesh 
should  be  positioned  inferomedially.  No  lateral  slit  should 
be  made  in  the  mesh  and  it  should  not  be  fixed  lateral  to 
cord  structures  to  prevent  injury  to  lateral  cutaneous  nerve 
of  thigh.  The  mesh  in  this  position  covers  the  direct,  indirect 
and  femoral  defects.  It  is  essential  that  mesh  should  extend 
below  the  pubic  tubercle  so  that  it  covers  the  femoral  orifice. 
Mesh  should  also  extend  medially  to  cover  all  the  possible 
orifices  of  hernia.  Laterally  mesh  should  project  at  least  2  to 
3  cm  beyond  the  margin  of  deep  ring.  If  mesh  is  not  of 
appropriate  size,  the  chance  of  recurrence  is  high.  Sometime, 
surgeon  may  be  disoriented  and  mesh  is  placed  with  its 
long  axis  vertical  instead  of  transverse.  If  mesh  is  cut  at  one 
of  the  corner  chances  of  this  disorientation  is  minimum. 


Fig.  1 6.1 1 :  Cutting  the  corner  of  mesh 


Figs  16.13A  and  B:  (A)  Hernia  anchor;  (B)  Hernia  tacker 
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Implant  for  Fixing  Mesh 

Many  preloaded  devices  are  available  for  fixing  mesh  in 
hernia  surgery.  Mesh  is  fixed  medially  over  the  Cooper’s 
ligament  and  pubic  bone  using  an  implant. 

Currently  three  popular  brands  of  implants  to  fix  the  mesh 
are  available.  These  are  Tacker,  Protack  or  Anchor.  The 
comparative  chart  of  these  implant  is  shown  in  Table  16.1. 

After  adjusting  the  mesh  properly  it  should  be  fixed  by 
stapling  first  its  middle  part  three  finger  above  the  superior 
limit  of  the  internal  ring.  With  mesh  duly  stapled 
pneumoperitoneum  is  reduced  to  9  mm  Hg.  It  is  important 
to  avoid  pricking  of  the  inferior  epigastric  artery  or  the 
testicular  vessels.  Intracorporeal  suturing  can  also  be  used 
for  fixation  of  mesh  if  surgeon  has  sufficient  suturing  skill. 

After  fixing  the  mesh  properly  the  peritoneum  flap  is 
replaced  over  the  mesh  and  it  is  closed  either  by  staples  or 
suture  (Fig.  16.14).  It  is  important  that  mesh  should  be 
completely  covered  by  the  peritoneum.  Ideally  peritoneum 
should  be  opposed  by  overlap  fashion  and  peritoneum  defect 
is  closed  either  by  staples  or  by  continuous  suturing  and 
Aberdeen  termination. 


Repair  of  Bilateral  Inguinal  Hernia 

In  laparoscopic  surgery  postoperative  recovery  of  bilateral 
hernia  is  same  as  that  of  unilateral  hernia.  The  technique  of 
bilateral  laparoscopic  repair  of  hernia  is  same  as  that  of 
unilateral  hernia.  Patients  with  bilateral  hernia  are  good 
candidate  of  laparoscopy.  The  two  sides  may  be  repaired 
using  two  meshes  but  single  long  mesh  also  can  be  used 
and  is  pushed  across  from  one  side  behind  the  bladder, 
and  across  the  inguinal  orifice  on  the  opposite  side.  The 
size  of  the  mesh  for  bilateral  hernia  should  be  30  x  15  cm 
(Fig.  16.15).  Surgeon  should  avoid  twisting  of  mesh.  After 
placing  the  mesh  in  bilateral  hernia  surgery  it  should  look 
just  like  a  bow  tie. 

Repair  of  Recurrent  Inguinal  Hernia 

Recurrent  laparoscopic  hernia  after  open  surgery  is  better  to 
repair  laparoscopically,  because  external  anatomy  is  disrupted 
and  open  repair  have  more  chance  of  recurrence. 
Laparoscopy  is  method  of  choice  for  recurrent  hernia.  The 
defect  is  usually  direct  and  more  than  one  in  recurrent  hernia. 


Table  16.1:  Comparison  of  ESS  Endoanchor,  Tyco  Protack,  Tyco  Tacker 


Feature 

ESS  Endoanchor 

Tyco  Protack 

Tyco  Tacker 

Number  of  implants 

20 

30 

20 

Geometry  of  implant 

Anchor 

Helical  fastener 

Helical  fastener 

Implant  material 

Nitinol 

Titanium 

Titanium 

Implant  length 

5.9  mm 

3.8  mm 

3.6  mm 

Implant  width 

6.7  mm 

4  mm 

3.4  mm 

Port  size  required 

5  mm 

5  mm 

5  mm 

Shaft  length 

360  mm 

356  mm 

356  mm 

Trigger  fire  orientation 

Release  to  deploy 

Depress  to  deploy 

Depress  to  deploy 

Fig.  16.14:  Closure  of  peritoneum 


Fig.  16.15:  Introduction  of  mesh  for  bilateral  hernia 
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The  result  of  laparoscopic  repair  is  excellent  even  in  case  of 
multiple  hernias. 

Laparoscopic  Hernia  in  Children 

Laparoscopy  has  been  tried  in  little  children.  Only  closure  of 
ring  and  herniotomy  is  possible  in  pediatric  age  group.  The 
sac  is  simply  inverted  and  tied  internally.  Care  should  be  taken 
that  the  vas  or  vessels  should  not  be  caught  in  the  ligature 
(Figs  16.16A  and  B). 

Ending  of  the  Operation 

At  the  end  of  surgery,  the  abdomen  should  be  examined 
for  any  possible  bowel  injury  or  hemorrhage.  The  entire 
instrument  should  be  removed  and  then  all  the  port.  Each 
port  should  be  removed  under  direct  observation  through 
telescope.  Ports  larger  then  10  mm  should  be  sutured. 
Telescope  should  be  removed  at  last  after  releasing  all  the 
gas  keeping  in  mind  that  last  port  should  not  be  pulled 
without  putting  telescope  or  any  blunt  instrument  in,  to 
prevent  entrapment  of  bowel  or  omentum  and  formation 
of  adhesion  or  intestinal  adhesion.  Wound  should  be  closed 
with  suture,  especially  10  mm  wound. 

TOTALLY  EXTRAPERITONEAL  HERNIA  REPAIR 

The  technique  of  totally  extraperitoneal  (TEP)  repair  of 
inguinal  hernia  was  described  even  before  the  TAPP 
technique;  however,  technical  difficulties  of  working  in  closed 
space  and  anatomy  with  the  limited  working  space  hindered 
its  popular  acceptance.  The  effectiveness  of  this  type  of  repair 
has  been  well  established  by  the  open  operation  of  Stoppa. 


ADVANTAGE  OF  TEP 

•  Pneumoperitoneum  is  not  required 

•  Less  chance  of  dangerous  vessel  injury  or  bowel  injury 

•  The  view  of  groin  is  better  for  dissection  around  the  neck 
of  sac 

•  Continuity  of  peritoneum  is  not  breached  so  it  may  not 
be  closed. 

DISADVANTAGE  OF  PREPERITONEAL  REPAIR 

•  The  identification  of  correct  plane  of  dissection  is  difficult 

•  The  landmarks  of  hernia  dissection  can  only  be  identified 
when  they  are  encountered 

•  Reduction  of  content  of  sac  is  difficult  to  ensure 

•  Sliding  hernia  is  difficult  to  recognize  from  outside  of  sac 

•  If  the  sac  is  cut  it  is  difficult  to  close  it  again 

•  In  recurrent  hernia  extensive  adhesion  make  the 
dissection  difficult  because  peritoneum  may  be  adherent 
to  the  under  surface  of  scar 

•  There  is  always  a  chance  of  breach  of  peritoneum 
continuity  and  this  will  reduce  the  view 

•  Four  ports  generally  are  necessary  for  bilateral  hernia 
surgery.  Whereas,  in  TAPP  only  three  ports  are  sufficient. 

Preparation  of  the  Patient 

Preparation  of  the  patient  in  totally  preperitoneal  hernia 
repair  is  same  as  of  the  transabdominal  hernia  repair. 
Knowledge  of  the  anatomy  of  the  abdominal  wall  muscle 
and  recognition  of  the  transition  zone  that  occur  at  the 
arcuate  line  of  Douglas  is  very  important  for  totally 
preperitoneal  hernia  repair. 


Figs  16.16A  and  B:  Closure  of  defect  with  intracorporeal  suturing  in  pediatric  age 
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Approach  to  Preperitoneal  Space 

In  totally  extraperitoneal  repair  of  hernia,  the  main  concern  is 
to  make  an  extraperitoneal  space.  The  extraperitoneal  space 
is  made  possible  by  the  fact  that  the  peritoneum  in  suprapubic 
region  can  easily  be  separated  from  anterior  abdominal  wall, 
thereby  creating  enough  space  for  dissection. 

A  2  cm  longitudinal  skin  incision  is  made  just  below  the 
umbilicus  1  cm  lateral  to  the  midline  on  the  side  of  hernia 
(Figs  16.17A  and  B).  The  incision  is  deepened  down  to  reach 
up  to  the  anterior  rectus  sheath.  All  the  subcutaneous  fat  is 
cleared  and  the  rectus  is  opened  under  direct  vision.  Two- 
stay  suture  on  each  leaf  of  rectus  sheath  is  placed  and  the 
rectus  muscle  is  retracted  by  two  retractors  downward  towards 
symphysis  pubis  in  an  oblique  fashion;  we  should  never  cross 
the  posterior  fascia  of  the  rectus  muscle  while  dissecting. 

By  finger  or  swab  towards  the  hernia,  dissection  should 
perform  carefully,  preperitoneal  space  will  be  found  below 
the  arcuate  line  of  Douglas. 

Insertion  of  Port 

A  balloon  dissector  should  be  introduced  with  telescope  and 
balloon  is  inflated  for  further  dissection  of  the  preperitoneal 
space.  All  mm  port  is  introduced  without  its  sharp  tip  with 
a  laparoscope  in  30°.  A  small  preperitoneal  pocket  is  created 
by  manipulating  laparoscope  in  sweeping  manner. 

If  balloon  dissector  is  not  available  the  glove  finger  can 
be  tied  around  the  suction  irrigation  instrument  and  can  be 
used  to  create  some  preperitoneal  space  (Figs  16.18A 
and  B). 

Sweeping  Movement  of  Telescope 

Once  the  telescope  is  placed  properly  a  10  mm  port  is 
inserted  under  direct  view  approximately  halfway  between 


the  symphysis  pubis  and  the  umbilicus  (Figs  16.19A  to  D). 
Another  5  mm  port  should  be  placed  two  fingers  below  and 
medial  to  the  right  anterior  iliac  spine.  If  the  secondary  port 
site  is  not  seen  clearly  through  the  telescope  one  can  infiltrate 
the  port  site  with  local  anesthetic  and  look  for  the  tip  of  the 
needle  internally  (Fig.  16.20).  This  will  insure  the  exact 
placement  of  port  and  allow  the  tip  of  trocar  to  be  seen  by 
telescope  at  the  time  of  insertion. 

Dissection  of  Preperitoneal  Space 
and  Cord  Structures  in  TEP 

In  totally  extraperitoneal  repair  of  hernia  Stoppa's 
parietalization  technique  is  used  for  dissection  of  the 
spermatic  cord  from  the  peritoneum  by  separating  the 
elements  of  the  spermatic  cord  from  the  peritoneum  and 
peritoneal  sac  should  be  done  (Fig.  16.21).  The  dissection 
is  started  by  tracing  the  inferior  epigastric  vessels  towards 
the  deep  ring.  The  upper  border  of  the  hernia  sac  readily 
recognized  because  indirect  hernia  is  lateral  to  the  inferior 
epigastric  vessels  and  direct  hernia  is  medial  to  that. 

As  the  inguinal  region  is  approached,  the  dissection  is 
continued  all  around  the  sac  to  encircle  the  neck.  The 
surgeon  should  try  to  remain  close  to  peritoneum  and 
dissection  continues  medially  to  separate  vas  from  the  sac. 
Under  the  neck  of  the  sac  care  should  be  taken  to  avoid 
injury  of  iliac  vessels. 

In  case  of  direct  inguinal  hernia  the  dissection  is  carried 
out  from  above  downwards  and  progressed  medially  to  the 
inferior  epigastric  vessels.  The  direct  sac  is  freed  from  the 
transversalis  fascia.  Dissection  should  be  continued  until  the 
peritoneum  has  reached  the  iliac  vessels  interiorly. 

Care  should  be  taken  that  any  hole  in  peritoneum  should 
not  form  otherwise  it  will  be  difficult  to  have  good  working 
space  because  the  gas  will  escape  into  abdominal  cavity.  If 


Figs  16.17A  and  B:  Access  technique  of  totally  extraperitoneal  hernia  repair 
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Figs  16.18A  and  B:  Making  balloon  dissection  with  finger  of  gloves 


Figs  16.19A  to  D:  Balloon  dissection 
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the  hole  is  made  anyway  it  should  be  identified  and  enlarged 
this  will  equalize  the  pressure  on  both  side  of  peritoneum 
and  allows  the  peritoneum  to  drop  back  down  due  to  gravity. 
A  venting  5  mm  port  or  Veress  needle  can  be  placed  in  the 
right  upper  quadrant  at  Palmer’s  point  to  decompress  the 
abdominal  cavity. 

The  technique  of  insertion  of  mesh  in  totally 
extraperitoneal  repair  of  hernia  is  same  as  that  of  trans¬ 
abdominal  preperitoneal.  Mesh  of  appropriate  size  usually 
15  x  15  cm  is  used  and  rolled  and  loaded  backward  in  one 
of  the  port. 

Mesh  should  be  fixed  by  stapling  first  in  its  middle  part 
three  finger  above  the  superior  limit  of  the  internal  ring  (Figs 
16.22  and  16.23).  In  totally  extraperitoneal  repair  some 
surgeon  do  not  use  staple,  because  peritoneum  is  not 
breached  and  once  the  gas  from  preperitoneal  space  is 
removed,  it  will  place  the  mesh  in  its  proper  position.  In  1  to 


Fig.  16.20:  Introduction  of  secondary  port 


2  percent  of  cases  of  TEP  conversion  to  open  or  TAPP  may 
be  necessary  due  to  large  peritoneal  tear  making  the  vision 
difficult  or  in  the  cases  where  content  is  not  reduced 
completely. 

Ending  of  the  Operation 

At  the  end  of  surgery  the  abdomen  should  be  examined  for 
any  possible  bowel  injury  or  hemorrhage.  The  entire 
instrument  should  be  removed  and  then  all  the  port. 
Generally  Vicryl  is  used  for  rectus  and  unabsorbable 
intradermal  and  stapler  for  skin.  Adhesive  sterile  dressing 
should  be  applied  over  the  wound. 

LAPAROSCOPIC  REPAIR  OF  FEMORAL  HERNIA 

Laparoscopic  repair  of  femoral  hernia  is  same  as  that  of 
laparoscopic  direct  or  indirect  hernia.  It  can  be  performed  by 


Fig.  16.22:  Introduction  of  mesh 


Fig.  16.21:  Dissection  of  preperitoneal  space 


Fig.  16.23:  Placement  of  mesh 
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both  TAPP  and  TEP  methods.  In  case  of  laparoscopic  femoral 
hernia  repair  the  sac  should  be  carefully  excised  because  rigid 
femoral  ring  make  it  difficult  to  mobilize  the  sac.  The  dissection 
should  be  careful  because  there  is  increased  risk  of  injury  of 
abnormal  obturator  artery  on  lateral  to  the  sac.  The  femoral 
hernia  defect  is  between  the  iliopubic  tract  and  pubic  ramus 
and  can  be  easily  identified.  Repair  of  the  femoral  canal  should 
be  done  by  approximating  iliopubic  tract  to  the  Cooper’s 
ligament  by  Proline  stitches. 

COMPLICATIONS  OF  LAPAROSCOPIC 
HERNIA  REPAIR 

Like  any  other  laparoscopic  procedures,  complications  have 
been  recorded  during  the  learning  curve.  The  major 
problems  include: 

•  Recurrence 

•  Neurovascular  injury 

•  Urinary  tract  injury 

•  Injury  to  vas 

•  Testicular  complications 

•  Problems  due  to  mesh. 

The  mechanism  of  recurrence  can  be  related  to  lack  of 
understanding  of  the  difficult  laparoscopic  anatomy,  wrong 
hernia  repair  technique  or  the  wrong  prosthesis.  These 
include  incomplete  dissection  without  proper  pocket 
formation,  missed  sac,  migration  of  mesh  due  to  small  sized 
mesh  which  may  be  prone  to  displaced  once  fixed, 
inadequate  fixation  with  rolling  up  of  the  mesh  and 
hematoma  formation  leading  to  infection. 

The  complication  of  laparoscopic  hernia  repair  can  be 
summarized  as  follows: 

•  Immediate:  Visceral  injury,  vascular  injury,  injury  to  vas, 
spermatic  vessels  (Fig.  16.24) 

•  Late:  Bowel  adhesions  to  mesh,  intestinal  obstruction, 
fistulization,  orchitis,  testicular  atrophy,  nerve 
entrapment,  incisional  hernia  recurrence  (Fig.  16.25). 

Relative  Contraindication  for 
Laparoscopic  Approach 

A.  Obesity  with  BMI  >30 

B.  Significant  chest  disease 

C.  Patient  on  anticoagulants 

D.  Adhesions 

E.  Massive  hernias 

F.  Pregnancy 

G.  Unfit  for  GA. 

Inguinal  Hernia  Repair  in  Pediatric  Patients 

Small  children  gain  little  benefit  from  laparoscopic  hernia 
repair  as  inguinal  skin  crease  incision  used  in  the  herniotomy 
is  one  of  best  incisions  as  far  as  cosmesis  is  concerned.  It  is 


Fig.  16.24:  Postoperative  scrotal  hematoma 


Fig.  16.25:  Perforation  bowel  during  hernia  surgery 


hardly  visible  after  a  few  months.  Also,  it  is  covered  by 
underwear.  Compared  to  this  three  stab  incisions,  however 
small,  are  in  the  visible  area. 

Inguinal  Hernia  Repair  in  Obese  Patients 

Operations  in  patients  with  BMI  above  27  may  be  difficult 
for  less  experienced  surgeons,  particularly  when  trying  to 
encircle  an  indirect  sac.  Patients  with  BMI  of  above  30  should 
be  encouraged  to  loose  weight  or  should  even  be  turned 
down  for  the  laparoscopic  approach.  They  are  incidentally 
more  likely  to  develop  recurrence  after  an  open  hernia  repair. 
It  is  also  easy  for  the  laparoscopic  surgeon  to  become 
disoriented  when  the  patient  is  very  obese. 

Inguinal  Hernia  Repair  in  Recurrence 

Generally,  the  short-term  recurrence  rate  of  laparoscopic 
inguinal  hernia  repair  is  reported  to  be  less  than  5  percent. 
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In  both  the  open  and  laparoscopic  repair  procedures,  the 
aim  is  to  cover  the  whole  inguino-femoral  area  by  a 
preperitoneal  prosthetic  mesh,  and  recurrences  should  not 
occur.  When  they  do  occur,  recurrences  must  be  regarded 
as  technical  failures.  Recurrences  after  laparoscopic  repair 
most  often  result  from  using  too  small  a  mesh,  or  not  using 
staples  to  fix  the  mesh.  Most  recurrences  after  laparoscopic 
hernia  repair  occurred  medially,  and  the  technique  was 
adjusted.  The  mesh  is  now  placed  at  least  until  the  midline, 
and  occasionally  hernia  staples  are  used  when  an  adequate 
overlap  (2  cm)  cannot  be  achieved  medially.  The  totally 
extraperitoneal  technique  is  now  used  more  often,  allowing 
for  better  visual  control  in  the  medial  part  of  the  operating 
field. 

Operating  Time 

Operating  times  of  surgical  techniques  varies  between 
surgeons  and  also  vary  considerably  between  centers.  It 
reduces  with  experience  and  comparison  between 
laparoscopic  and  open  surgery  is  subject  to  bias  due  to  pre¬ 
existing  familiarity  with  open  techniques.  It  is  less  important 
to  the  patient  than  a  successful  operation;  the  time  taken  to 
perform  the  surgery  can  have  cost  implications.  The 
operative  time  to  perform  unilateral  primary  inguinal  repair 
has  frequently  been  reported  as  longer  for  laparoscopic 
compared  to  open  repair,  however,  the  mean  difference  in 
36  of  37  randomized  trials  is  14.81  minutes.  These 
differences  disappear  in  bilateral  and  recurrent  hernia  repairs. 

Postoperative  Pain  and  Amount  of  Narcotics  Used 

The  open  tension-free  mesh  repair  is  found  to  cause  less 
postoperative  pain  than  open  nonmesh  repairs,  however, 
most  randomized  trials  assessing  postoperative  pain 
between  open  tension-free  repairs  and  laparoscopic  repairs, 
report  less  pain  in  the  laparoscopic  groups.  In  many  cases, 
this  also  results  in  less  analgesia  being  consumed  by  the 
patient. 

Complication  Rates 

Complications  in  endoscopic  inguinal  hernia  surgery  are 
more  dangerous  and  more  frequent  than  those  of  open 
surgery,  especially  in  inexperienced  hands  and  hence  are 
best  avoided.  It  is  possible  to  avoid  most  of  these 
complications  if  one  follows  a  set  of  well-defined  steps  and 
principles  of  endoscopic  inguinal  hernia  surgery. 

Complications  of  laparoscopic  repair  of  inguinal  hernia 
can  be  divided  into: 

•  Intraoperative 

•  Postoperative. 


INTRAOPERATIVE  COMPLICATIONS 
AND  PRECAUTION 

During  Creation  of  Preperitoneal  Space 

This  is  the  most  important  step  for  beginners. 

•  A  wide  linea  alba  may  result  in  breaching  the  peritoneum; 
in  such  a  situation,  it  is  best  to  close  the  rectus  and  incise 
the  sheath  more  laterally. 

•  Improper  placement  of  balloon  trocar  causing  dissection 
of  muscle  fibers. 

•  Entry  into  peritoneum  causing  pneumoperitoneum 

•  Rupture  of  balloon  in  preperitoneal  space. 

•  The  Hassan’s  trocar  must  snugly  fit  into  the  incision  to 
avoid  CO  2  leak. 

To  avoid  these,  one  must  ensure  that  the  balloon  is  made 
properly  and  the  correct  space  is  entered  by  retracting  the 
rectus  muscle  laterally  to  visualize  the  posterior  rectus  sheath. 
Also  the  balloon  trocar  is  inserted  gently,  parallel  to  the 
abdominal  wall,  to  avoid  puncturing  the  peritoneum.  The 
balloon  must  be  inflated  slowly  with  saline  to  ensure  smooth 
and  even  distention  and  prevent  its  rupture. 

Precautions  During  Port  Placement 

The  trocars  should  be  short  and  threaded  in  proportion  to 
less  workspace  and  to  ensure  a  snug  fit  respectively.  The 
skin  incisions  should  be  just  adequate  to  grip  the  trocar  and 
prevent  its  slipping.  The  patient  should  empty  their  bladder 
before  surgery  as  the  suprapubic  trocar  could  injure  a  filled 
bladder.  The  pressure  in  the  preperitoneal  space  must  be 
such  as  to  offer  sufficient  resistance  during  trocar  insertion 
to  avoid  puncturing  the  peritoneum. 

Correct  Identification  of  the  Anatomical  Landmarks 

The  next  most  important  and  crucial  step  in  any  hernia 
surgery  is  the  correct  identification  of  anatomical  landmarks. 
This  is  difficult  for  beginners  as  the  anatomy  is  different  from 
that  seen  in  open  surgery.  The  first  most  important  step  is  to 
identify  the  pubic  bone.  Once  this  is  seen,  the  rest  of  the 
landmarks  are  traced  keeping  this  as  reference  point.  One 
is  advised  to  keep  away  from  the  triangle  of  doom,  which 
contains  the  iliac  vessels  and  to  avoid  placing  tacks  in  the 
triangle  of  pain  laterally. 

Bladder  Injuries 

Bladder  injury  most  commonly  occurs  during  port  placement, 
dissecting  a  large  direct  sac  or  in  a  sliding  hernia.  It  is 
mandatory  to  empty  the  bladder  prior  to  an  inguinal  hernia 
repair  to  avoid  a  trocar  injury.  It  is  advisable  that  beginners 
catheterize  the  bladder  during  the  initial  part  of  their  learning 
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curve.  The  diagnosis  is  evident  when  one  sees  urine  in  the 
extraperitoneal  space.  Repair  is  done  with  Vicryl  in  two  layers 
and  a  urinary  catheter  inserted  for  7  to  10  days. 

Bowel  Injuries 

Bowel  injury  is  rare  during  hernia  surgery.  It  can  occur  when 
reducing  large  hernias,  inadvertent  opening  of  peritoneum 
causing  the  bowel  to  come  into  the  field  of  surgery  and  in 
reduction  of  sliding  hernias.  Injury  is  best  avoided  in  such 
circumstances  by  opening  the  hernial  sac  as  close  as  possible 
to  the  deep  ring.  The  initial  studies  showed  a  higher 
incidence,  especially  with  TAPP,  but  it  decreased  over  time. 

Vascular  Injury 

This  is  one  of  the  most  common  injuries  occurring  in  hernia 
repair  and  often  a  reason  for  conversion.  The  various  sites 
where  it  can  occur  is  rectus  muscle  vessel  injury  during  trocar 
insertion;  inferior  epigastric  vessel  injury;  bleeding  from 
venous  plexus  on  the  pubic  symphysis;  aberrant  obturator 
vein  injury;  testicular  vessel  injury;  and  the  most  disastrous 
of  all,  iliac  vessels,  which  requires  an  emergency  conversion 
to  control  the  bleeding  and  the  immediate  services  of  a 
vascular  surgeon  to  repair  the  same.  Most  of  the  other 
bleeding  can  be  controlled  with  cautery  or  clips.  Careful 
dissection  and  adherence  to  the  principles  of  surgery  will 
help  in  avoiding  most  of  these  injuries. 

Injury  to  Vas  Deferens 

Injury  occurs  while  dissecting  the  hernia  sac  from  the  cord 
structures.  The  injury  causes  an  eventual  fibrotic  narrowing 
of  the  vas.  A  complete  transaction  of  the  vas  needs  to  be 
repaired  in  a  young  patient.  An  injury  to  the  vas  is  best 
avoided  and  this  may  be  done  by  identifying  before  dividing 
any  structure  near  the  deep  ring  or  floor  of  the 
extraperitoneal  space.  Also,  the  separation  of  cord  structures 
from  the  hernial  sac  must  be  gentle  and  direct;  grasping  of 
vas  deferens  with  forceps  must  be  avoided. 

Pneumoperitoneum 

It  is  a  common  occurrence  in  TEP  which  every  surgeon 
should  be  prepared  to  handle.  Putting  the  patient  in 
Trendelenburg’s  position  and  increasing  the  insufflation 
pressures  to  15  mm  Hg  helps.  If  the  problem  still  persists,  a 
Veress  needle  can  be  inserted  at  Palmer’s  point. 

POSTOPERATIVE  COMPLICATIONS 

Seroma/Hematoma  Formation 

It  is  a  common  complication  after  laparoscopic  hernia 
surgery,  the  incidence  being  in  the  range  of  5  to  25  percent 


(Fig.  16.24).  They  are  especially  seen  after  large  indirect 
hernia  repair.  Most  resolve  spontaneously  over  4  to  6  weeks. 
A  seroma  can  be  avoided  by  minimizing  dissection  of  the 
hernia  sac  from  the  cord  structures,  fixing  the  direct  sac  to 
pubic  bone  and  fenestrating  the  transversalis  fascia  in  a  direct 
hernia.  Some  surgeons  put  in  a  drain  if  there  is  excessive 
bleeding  or  after  extensive  dissection. 

Urinary  Retention 

This  complication  after  hernia  repair  has  a  reported 
incidence  of  1.3  to  5.8  percent.  It  is  usually  precipitated  in 
elderly  patients,  especially  if  symptoms  of  prostatism  are 
present.  These  patients  are  best  catheterized  prior  to  surgery 
and  catheter  removed  the  next  day  morning. 

Vascular  Injury 

The  incidence  of  vascular  injury  has  been  documented  to 
be  about  0.5  to  1  percent  and  inferior  epigastric  artery  is 
the  one  most  commonly  traumatized. 

•  Injury  to  iliac  vessels:  Chances  of  mortality 

•  Inferior  epigastric  vessel:  Hematoma 

•  Iliopubic  vein  and  artery  which  traverse  the  lacunar 
ligament:  Hematoma 

•  Injury  to  spermatic  vessels:  Postoperative  scrotal 
hematoma. 

Nerve  Entrapment  and  Injury 

The  lateral  cutaneous  nerve  of  thigh  and  the  femoral  branch 
of  genitofemoral  nerve  are  the  two  nerves  vulnerable  to 
trauma  due  to  indiscriminate  placement  of  staplers  lateral 
to  the  spermatic  cord  on  the  iliopubic  tract. 

•  Injury  of  lateral  cutaneous  nerve  injury. 

•  Most  common  nerve  injured  is  lateral  femoral  cutaneous 
nerve  (2%):  Hyperesthesia  or  paresthesia  of  upper  aspect 
of  thigh  and  hip. 

•  If  pain  starts  days  after  surgery, it  will  recover  within  2  to 
4  weeks  (or  percutaneous  steroid). 

•  If  pain  starts  within  24  hours  of  surgery  there  is  permanent 
nerve  damage. 

•  Cryotherapy  with  destruction  of  sensory  branch  is 
indicated. 

•  Lifelong  numbness. 

Nerve  entrapment  should  be  avoided  in  laparoscopic  repair 
of  hernia: 

•  Genitofemoral  nerve  injury. 

•  Genitofemoral  nerve  injury  (1%):  Hyperesthesia  or 
paresthesia  of  scrotum. 

•  Not  significant. 

•  With  time  it  will  subside. 
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Other  Complications 

•  Migration  of  mesh 

•  Rejection  of  mesh  (Rare) 

•  Bowel  adhesion. 

Complete  transaction  of  vas  requires  immediate 
anastomosis.  Other  complications  include  testicular  pain, 
orchitis,  epididymitis,  swelling  due  to  seromas  or  hematoma. 
The  treatment  is  supportive  and  incidence  of  all  these 
complications  is  similar  to  that  in  conventional  surgery. 

After  some  experience  most  cases  of  inguinal  hernia  can 
be  treated  laparoscopically.  Several  prospective  randomized 
trials  comparing  open  versus  laparoscopic  repair  have 
reported.  Reduced  postoperative  pain,  earlier  return  to  work 
and  fewer  complications  and  less  chance  of  recurrences  for 
the  laparoscopic  approach  are  some  of  the  crucial 
advantages.  Although  the  procedural  cost  for  laparoscopic 
hernia  repair  is  more  compared  to  conventional  repair  but 
overall  expense  for  open  repair  is  high  if  we  calculate  number 
of  working  days  lost  and  medication  is  taken  into 
consideration.  Data  is  now  available  which  documents  the 
totally  extraperitoneal  repair  to  have  distinct  advantage  over 
the  transabdominal  preperitoneal  repair  in  terms  of  lesser 
postoperative  complications  and  lower  recurrence  rate. 
TAPP  has  been  stated  to  violate  the  peritoneal  cavity  with 
all  its  known  possible  complication  of  pneumoperitoneum, 
vessel  or  bowel  injury.  There  is  no  doubt  that  the 
laparoscopic  hernia  repair  is  a  proven  technique  and  will 
become  more  popular  over  a  period  of  time. 

Neuralgias 

The  incidence  of  this  complication  is  reported  to  be  between 
0.5  and  4.6  percent  depending  on  the  technique  of  repair. 


The  intraperitoneal  onlay  mesh  method  had  the  highest 
incidence  of  neuralgias  in  one  study  and  was  hence 
abandoned  as  a  form  of  viable  repair.  The  commonly 
involved  nerves  are  lateral  cutaneous  nerve  of  thigh, 
genitofemoral  nerve  and  intermediate  cutaneous  nerve  of 
thigh  (Figs  16.26A  and  B).  They  are  usually  involved  by 
mesh-induced  fibrosis  or  entrapment  by  a  tack.  The 
complication  is  prevented  by  avoiding  fixing  the  mesh  lateral 
to  the  deep  inguinal  ring  in  the  region  of  the  triangle  of 
pain,  safe  dissection  of  a  large  hernial  sac  and  no  dissection 
of  fascia  over  the  psoas. 

Testicular  Pain  and  Swelling 

It  occurs  due  to  excessive  dissection  of  a  sac  from  the  cord 
structures,  especially  a  complete  sac.  The  reported  incidence 
is  of  0.9  to  1.5  percent,  most  are  transient.  Orchitis  was 
found  in  a  small  number  of  patients  but  did  not  lead  to 
testicular  atrophy. 

Mesh  Infection  and  Wound  Infection 

Wound  infection  rates  are  very  low.  Mesh  infection  is  a  very 
serious  complication  and  care  must  be  taken  to  maintain 
strict  aseptic  precautions  during  the  entire  procedure.  Any 
endogenous  infection  must  be  treated  with  an  adequate 
course  of  antibiotics  prior  to  surgery. 

Recurrence 

It  is  the  most  important  endpoint  of  any  hernia  surgery.  It 
requires  a  proper  and  thorough  knowledge  of  anatomy  and 
a  thorough  technique  of  repair  to  help  keep  the  recurrence 
in  endoscopic  repair  to  a  minimum. 


Figs  16.26A  and  B:  Anatomical  landmarks,  TV-Testicular  vessel,  GFN-Genitofemoral  nerve, 
LCN-Lateral  cutaneous  nerve  of  high 
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POSTOPERATIVE  RECOVERY 

Marked  variations  are  seen  in  postoperative  recovery  due 
to  patient  motivation,  postoperative  advice,  and  definition 
of  “normal  activity”,  existing  co-morbidity  and  local 
“culture”.  Nevertheless  all  trials  reporting  this  as  an  endpoint 
of  study  show  a  significant  improvement  in  the  laparoscopic 
group,  with  no  real  difference  between  the  TAPP  and  TEP 
groups.  This  is  estimated  to  equate  to  an  absolute  difference 
of  about  7  days  in  terms  of  time  off  work. 

RECURRENCE 

Recurrence  rates  are  low  with  the  use  of  mesh  and  not 
significantly  different  between  open  or  laparoscopic 
techniques. 

CAUSES  OF  RECURRENCE  IN  LAPAROSCOPIC 
INGUINAL  HERNIA  REPAIR 

The  factors  involved  in  mesh  dislocation  or  failure  are 
insufficient  size,  wrong/defective  material,  incorrect 
placement,  immediate  or  very  early  displacement  by  folding, 
lifting  by  a  hematoma  or  urinary  retention,  missed  cord 
lipomas  and  herniation  through  the  keyhole  (mesh  slit)  late 
displacement  by  insufficient  scar  tissue  ingrowth,  mesh 
protrusion,  collagen  disease  or  pronounced  shrinkage. 
Despite  the  correct  and  stable  mesh  position,  there  is  still  a 
limited  risk  of  a  late  sliding  of  the  retroperitoneal  fat  under/ 
in  front  of  the  mesh  into  the  enlarged  inner  ring. 

Leibl  in  2000  advised  to  avoid  slitting  of  the  mesh  and 
increase  its  size  to  reduce  the  recurrence  rate.  Generous 
dissection  of  preperitoneal  space  is  required  to  eliminate 
potential  herniation  through  the  slit  or  strangulation  of  the 
cord  structures  completely  and  reduces  the  risk  of 
genitofemoral  neuropathy. 

Mesh  Size 

The  mesh  size  should  be  adequate  to  cover  the  entire 
myopectineal  orifice.  The  established  size  in  2006  is  15  X 
10  cm  per  unilateral  hernia,  with  minor  deviations. 

Mesh  Material 

The  mechanical  strength  of  available  meshes  exceeds  the 
intra-abdominal  peak  pressures  and  by  far  even  the 
lightweight  meshes  are  strong  enough  for  inguinal  repair. 
Aachen  group  made  an  important  contribution  for 
understanding  the  interaction  of  the  living  tissue  with  the 
implanted  mesh  material.  The  negative  impact  of 
pronounced  shrinkage  of  the  traditional  heavy  weight 
meshes  was  recognized  as  an  important  factor  promoting 
recurrence.  Schumpelick  introduced  the  logical  trend  of  the 


use  of  light  weight  meshes.  The  new  macroporous 
compound  meshes  present  both  the  successful  reduction  of 
the  overall  foreign  body  amount  and  the  preservation  of 
mesh  elasticity  after  the  scar  tissue  ingrowths,  due  to  very 
limited  shrinkage  and  reduced  bridging  effect. 

Fixation  of  the  Mesh 

In  the  early  years  of  laparoscopic  hernia  repairs,  a  strong 
fixation  seemed  to  be  the  most  important  factor  in  prevention 
of  recurrence.  With  growing  size  of  the  mesh  and  true 
macroporous  materials  being  used,  the  belief  in  strength 
reduced  and  gave  way  to  the  concern  of  acute/chronic  pain 
possibly  caused  by  fixation.  The  controversy  of  fixing  or 
nonfixing  the  mesh  is  currently  under  scrutiny. 

Technical  Experience 

The  long  learning  curve  of  endoscopic  repairs  presents  the 
potential  risk  of  technical  errors  leading  to  unacceptable  rise 
of  recurrence  rate.  This  fact  highlights  the  need  for  structured 
well-mentored  teaching,  a  high  level  of  standardization  of 
the  procedure  and  rigorous  adherence  to  the  principles  of 
laparoscopic  hernia  repair.  The  impact  of  experience  on 
the  recurrence  rate  was  in  both  extremes  well  documented. 

Collagen  Status 

Inborn  or  acquired  abnormalities  in  collagen  synthesis  are 
associated  with  higher  incidence  of  hernia  formation  and 
recurrences. 

Other  Factors 

The  negative  effect  on  healing  in  hernia  repair  is  often  related 
with  malnutrition,  obesity,  steroids,  type  II  diabetes,  chronic 
lung  disease,  jaundice,  radiotherapy,  chemotherapy,  oral 
anticoagulants,  smoking,  heavy  lifting,  malignancy  and 
anemia.  Laparoscopic  inguinal  hernia  repair  offers  excellent 
results  in  experienced  hands. 

Bilateral  Assessment  and  Treatment 

Up  to  30  percent  of  patients  with  a  unilateral  hernia  will 
subsequently  develop  a  further  hernia  on  the  contralateral  side. 
Also,  when  examined  at  operation,  10  to  25  percent  is  found 
to  have  an  occult  hernia  on  the  contralateral  side.  Both 
laparoscopic  approaches  allow  assessment  and  treatment  of 
the  contralateral  side  at  the  same  operation  without  the  need 
for  further  surgical  incisions,  very  little  further  dissection  and 
minimal  additional  postoperative  pain.  In  open  surgery  a  further 
large  incision  is  required  in  the  opposite  groin.  This  considerably 
impairs  postoperative  mobility  and  increases  the  likelihood  of 
admission  to  hospital.  Some  surgeons  advocate  routine  repair 
of  the  contralateral  side  during  laparoscopic  repair. 


222 


Section  2:  Laparoscopic  General  Surgical  Procedures 


Cost  Effectiveness 

It  is  suggested  that  laparoscopic  hernia  repair  is  more  expensive 
to  perform  than  open  hernia  repair.  The  primary  reason  for 
this  relates  to  the  cost  of  extra  equipment  used  for  the 
laparoscopic  repair  with  secondary  costs  attributed  to  perceived 
increases  in  operating  time  for  the  laparoscopic  procedure. 
From  the  Indian  perspective,  various  factors  come  into  play 
when  analyzing  the  cost  implications  of  laparoscopic  repair  of 
inguinal  hernia.  In  most  hospitals,  except  the  larger  corporate 
ones,  the  theater  time  is  charged  on  a  per-case  basis  rather 
than  by  the  hour.  Thus,  increase  in  the  operating  time, 
particularly  during  the  learning  curve,  does  not  necessarily  mean 
additional  expense  for  the  patient.  If  the  surgeon  were  to  adopt 
cost-containment  strategies  such  as  use  of  reusable  laparoscopic 
instruments  (which  is  more  or  less  the  norm  in  India)  as  against 
disposable  ones,  use  of  indigenous  balloons  devices  rather  than 
commercially  available  ones,  sparing  use  of  fixation  devices 
and  reliance  on  sutures  for  fixation  of  the  mesh,  the  cost  of  the 
laparoscopic  hernia  repair  should  be  comparable  to  the  open 
repair.  It  is  likely  that  many  surgeons  are  already  practicing 
these  strategies  and  passing  on  the  benefits  of  laparoscopic 
repair  to  their  patients. 

Learning  Curve 

This  period  represents  the  developmental  and  learning  curve 
for  the  consultant  and  the  senior  registrars.  There  have  been 
some  modifications  of  the  technique  as  difficulties  have  been 
recognized.  There  is  steep  learning  curve  for  laparoscopic 
repair.  Initially  everyone  used  to  fix  mesh  with  staples,  but 
nowadays  many  surgeons  are  using  sutures  for  it.  As 
experience  increases,  our  ability  to  recognize  finer  structures 
and  to  keep  within  the  correct  tissue  planes,  improves.  This 
has  been  associated  with  lower  minor-complication  rates 
and  higher  percentage  of  pain-free  recoveries. 

RECOMMENDATION 

The  important  points  to  be  kept  in  mind  during  the  surgery 
are: 

•  After  dissecting  direct  sac,  all  peritoneal  adhesions 
around  the  margin  of  the  defect  should  be  meticulously 
lysed. 

•  Always  search  for  an  indirect  sac,  even  if  a  direct  hernia 
has  been  reduced. 

•  Reflect  the  peritoneum  off  the  cord  completely. 

•  Place  an  adequate  size  mesh  to  cover  the  myopectineal 
orifice  completely,  preferably  the  size  of  15  x  15  cm. 

•  The  lower  margin  of  the  mesh  must  be  comfortably 
placed  -  medially  in  the  retropubic  space  and  laterally 
over  the  psoas  muscle. 

•  Perform  a  2-point  fixation  of  the  mesh  on  the  medial 
aspect  over  the  Cooper’s  ligament. 


•  Avoid  cutting  of  the  mesh  over  the  cord.  This  weakens 
the  mesh  and  provides  a  potential  site  for  recurrence. 

•  Ensure  adequate  hemostasis  prior  to  placing  the  mesh. 

•  The  most  important  factor  is  the  adequate  training  and 
learning  of  the  right  technique. 
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Chapter 


Laparoscopic  Repair 
Ventral  Hernia 


INTRODUCTION 

Ventral  hernias  refer  to  fascial  defects  of  the  anterolateral 
abdominal  wall  through  which  intermittent  or  continuous 
protrusion  of  abdominal  tissue  or  organs  may  occur  (Fig. 
17.1).  They  are  either  congenital  or  acquired.  In  adults,  more 
than  80  percent  of  ventral  hernias  result  from  previous 
surgery  hence  the  term  incisional  hernias.  They  have  been 
reported  to  occur  after  0  to  26  percent  of  abdominal 
procedures.  Although  these  hernias  mostly  become  clinically 
manifest  between  2  to  5  years  after  surgery,  studies  have 
shown  that,  the  process  starts  within  the  first  postoperative 
month.  They  are  said  to  occur  as  a  result  of  a  biomechanical 
failure  of  the  acute  fascial  wound  coupled  with  clinically 
relevant  impediments  to  acute  tissue  repair  and  normal 
support  function  of  the  abdominal  wall. 

Historically,  incisional  hernias  have  been  repaired  with 
either  primary  suture  techniques  or  placement  of  a  variety 


Fig.  17.1 :  Laparoscopic  view  of  ventral  hernia 


of  prosthetic  materials.  Before  the  1960’s,  most  ventral 
hernias  were  repaired  primarily  with  suture  and  a  few  with 
metallic  meshes.  Even  with  some  modifications,  recurrence 
rates  with  the  primary  suture  repair  ranged  from  24  to  54 
percent.  The  introduction  of  polypropylene  mesh  repair  by 
Usher  in  1958  opened  a  new  era  of  tension-free 
herniorrhaphy.  Recurrence  rates  with  prosthetic  mesh 
decreased  to  10  to  20  percent.  Subsequently,  it  was  realized 
that  the  placement  and  fixation  of  the  mesh  was  more  crucial 
in  determining  the  outcome  of  the  repair.  The  placement  of 
the  mesh  in  the  preperitoneal,  retromuscular  position  with 
a  wide  overlap  of  at  least  5  cm  over  the  hernia  defect  in  all 
directions  was  introduced  in  the  late  1980’s.  The  refinement 
of  this  method  decreased  the  recurrence  rates  to  as  low  as 
3.5  percent  making  it  to  be  declared  the  standard  of  care  of 
ventral  hernias.  However,  implantation  of  the  mesh  by  open 
techniques  requires  wide  dissection  of  soft  tissue  contributing 
to  an  increase  in  wound  infection  and  wound-  related 
complications. 

Ventral  hernia  results  from  a  weakness  in  the  musculo- 
aponeurotic  layer  of  the  anterior  abdominal  wall.  This  type 
of  hernia  has  root  of  development  during  the  period  of 
development  like;  omphalocele,  gastroschisis  and  congenital 
umbilical  hernia. 

Recently,  the  ventral  hernias  are  reported  more  due  to 
iatrogenic  factor.  Even  after  laparoscopic  surgery,  if  the  10 
mm  port  is  not  repaired  properly  there  is  always  a  chance 
of  ventral  hernia  (Incisional  hernia)  development.  Obviously 
the  initial  closure  is  the  most  important,  since  faulty  technique 
will  universally  lead  to  development  of  herniation.  There 
are  other  associated  co-morbid  conditions,  which  may 
encourage  the  creation  of  incisional  herniation.  These 
include  intra-abdominal  or  wound  infection,  morbid  obesity, 
steroid  use,  previous  use  of  the  incision,  hematoma 
formation  and  respiratory  compromise  with  increased  cough. 
Other  factors  include  duration  of  the  operation,  crossing 
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incisions,  ineffective  wound  drainage,  and  excessive  wound 
tension.  Two  other  important  variables  include  nutritional 
aspects  as  well  as  presence  of  cancer  which  overall  reduce 
the  ability  for  wound  healing  and  collagen  deposition  in  the 
wound. 

The  repair  of  incisional  and  ventral  hernias  continues  to 
be  a  surgical  challenge.  Reports  published  in  the  medical 
literature  indicate  3  to  13  percent  of  laparotomy  patients 
develop  incisional  hernias.  Moreover,  clinical  studies  indicate 
that  the  traditional,  or  open,  technique  to  repair  large 
abdominal  wall  defects  is  associated  with  recurrence  rates 
ranging  from  25  to  49  percent. 

Among  the  non-iatrogenic  ventral  hernias,  divarication 
of  rectus  abdominis,  umbilical,  para-umbilical,  spigelian  and 
epigastric  are  more  common.  In  1992,  a  successful  series  of 
laparoscopic  incisional  hernia  repairs  was  reported  in  the 
medical  literature.  Since  then,  the  technique  has  been  refined 
and  has  grown  in  acceptance  within  the  surgical  community. 

The  laparoscopic  technique  for  ventral  hernia  repair 
involves  the  placement  of  a  tension  free  prosthetic  bridge 
across  the  musculofacial  defect  rather  than  attempting  to 
approximate  the  edge  of  defect.  The  hernia  defect  is  covered 
by  appropriate  size  of  mesh  once  the  content  of  the  sac  is 
reduced.  Most  of  the  time  sac  content  is  omentum.  Sometime 
omentum  is  adhered  so  tightly  that  electrosurgical  dissection 
with  the  help  of  bipolar  is  essential.  Recently,  many  newer 
type  of  mesh  is  available  in  which  PTFE  and  polypropylene 
is  more  popular.  There  was  always  a  fear  of  bowel  adhesion 
and  fistulization  with  use  of  polypropylene  mesh  but  the 
clinical  evidence  of  thousands  of  surgery  has  suggested  that 
the  omental  adhesion  is  expected  but  bowel  adhesion  is 
not  common  and  intraperitoneal  placement  of  poly¬ 
propylene  mesh  is  quite  safe. 

Almost  all  types  of  ventral  hernia  can  be  repaired  by 
minimal  access  surgical  approach.  Hernias  like  multiple 
defects  (Swiss  cheese  hernias)  are  greatly  benefited  by  this 
approach  as  all  defects  get  directly  visualized  and 
appropriately  covered  by  single  mesh. 

Contraindication  of  laparoscopic  repair  of  ventral  hernia 
are  very  large  hernia  with  huge  protrusion  of  skin  which  is 
thin  enough.  Skin  fold  is  necessary  to  correct  by 
abdominoplasty.  Dense  intra-abdominal  adhesions  are  also 
a  relative  contraindication  of  laparoscopic  repair  of  ventral 
hernia. 

LAPAROSCOPIC  ANATOMY 

Ventral  hernia  develops  due  to  structural  weakness  of  the 
abdominal  wall.  The  muscle  and  fascia  that  span  the  space 
between  costal  margin  superiorly,  the  spine  and  muscles  of 
the  back  posteriorly,  and  the  pelvis  interiorly  support  the 
abdominal  wall  by  giving  strength.  The  parietal  peritoneum 


in  ventral  hernia  extends  into  the  defect  to  form  the  sac. 
Adhesions  to  adjacent  viscera  must  be  divided  to  define  the 
defect. 

OPERATIVE  PROCEDURE 

Patient  should  be  clearly  informed  that  laparoscopic  repairs 
will  not  help  cosmetically  if  the  skin  is  lax  and  hanging 
loosely.  Bowel  preparation  is  a  good  practice  to  have  more 
room  inside  the  abdominal  cavity  to  handle  instrument.  After 
anesthesia,  nasogastric  tube  is  must  to  deflate  the  stomach 
completely  because  in  most  of  the  cases  access  should  be 
through  left  hypochondria.  Splenohepatomegaly  is  absolute 
contraindication  of  the  access  through  left  hypochondrium. 
Patient  is  placed  in  supine  position  without  any  tilt  of  the 
operation  table  so  that  bowel  is  distributed  evenly. 

Position  of  Surgical  Team 

Surgeon  stands  left  to  the  patient  with  camera  operator  on 
his  left  or  right  side  depending  upon  the  location  of  ventral 
hernia  (Fig.  17.2).  If  ventral  hernia  is  below  the  umbilicus, 
the  camera  operator  stands  right  to  the  patient.  If  the  defect 
is  above  umbilicus,  camera  operator  should  stand  left  to 
the  patient.  Monitor  should  be  placed  opposite  to  surgeon 
and  instrument  trolley  should  be  towards  the  leg  of  the 
patient. 

Port  Position 

Technique  of  laparoscopic  repair  of  ventral  hernia  is  quite 
simple.  First  pneumoperitoneum  is  created  at  a  site  away 


Anesthesiologist 


Instrument  table 


Fig.  17.2:  Operating  room  setup  in  ventral  hernia  repair 
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from  the  defect.  Three  port  techniques  are  used  for 
laparoscopic  repair  of  ventral  hernia.  The  first  step  in 
performing  laparoscopic  repair  of  ventral  hernia  is  gaining 
access  to  the  free  peritoneal  cavity.  A  site  distant  from  any 
prior  incision  and  the  hernia  defect  is  chosen.  Typically  this 
is  in  the  right  upper  quadrant  (RUQ)  or  left  upper  quadrant 
(LUQ)  (Figs  17.3  to  17.7).  The  absence  of  incisions  in  these 
locations  does  not  necessarily  guarantee  the  absence  of 
adhesions  to  viscera.  While  many  approaches  for  access  to 
the  peritoneal  cavity  have  been  described,  including  blind 
insufflation  and  specialty  trocars,  open  access  in  the  fashion 
of  Hasson  is  by  far  the  safest  alternative. 

Once  the  pneumoperitoneum  is  created  all  other  port  is 
placed  according  to  base  ball  diamond  concept.  The  most 
preferred  site  of  access  is  left  hypochondrium  in  most  midline 
and  lower  abdominal  defect. 


Fig.  17.3:  Palmer’s  point  is  used  for  access 


Fig.  17.5:  Palmer’s  point  is  used  for  trocar  introduction 


Fig.  17.6:  Telescope  is  introduced  to  check  any  adhesion 


Fig.  17.4:  Veress  needle  introduction  through  Palmer’s  point 


Fig.  17.7:  Secondary  ports  are  introduced 
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First  access  should  be  preferably  through  left 
hypochondria  if  Veress  needle  technique  is  used  and  then 
two  other  ports  should  be  made  so  that  proper  triangle  is 
formed.  The  distance  between  two  ports  should  not  be  less 
than  5  cm  (Fig.  17.3). 

The  telescope  will  first  enter  through  left  hypochondriac 
port  but  once  dissection  starts  the  telescope  will  come  in  the 
middle,  so  that  the  angle  between  two  working  port  will 
become  60°.  The  10  mm  30°  telescope  is  better  to  view 
anterior  abdominal  wall  (Fig.  17.7). 

The  ventral  hernia  repair  can  be  performed  by  two 
techniques.  First  technique  is  intraperitoneal  or  onlay  mesh 
technique  in  which  mesh  is  placed  without  dissecting 
peritoneum.  This  is  also  called  as  onlay  method.  All  content 
of  the  sac  is  reduced  and  any  adhesion  (if  present)  is  cleared. 
Appropriate  size  of  mesh  is  then  inserted. 

After  free  access  to  the  peritoneal  cavity  is  obtained. 
This  also  represents  the  greatest  risk  to  the  patient.  The 


difficulty  of  adhesiolysis  is  unpredictable,  although  the 
presence  of  polypropylene  mesh  should  be  a  red  flag 
indicating  the  potential  for  the  presence  of  dense  and  difficult 
to  dissect  adhesions,  often  involving  the  bowel.  All 
maneuvers  performed  as  part  of  the  lysis  of  adhesions  must 
be  done  under  direct  vision.  This  is  best  carried  out  by  sharp 
dissection  utilizing  bimanual  palpation  of  the  anterior 
abdominal  wall,  placing  the  adhesions  under  variable 
degrees  of  tension  (Figs  17.8  and  17.9).  There  is  significant 
risk  in  extensive  blunt  dissection,  as  the  bowel  may  be  fixed 
at  several  points  placing  it  at  risk  for  unrecognized  perforation 
with  the  tip  of  dissecting  instruments.  In  spite  of  the 
enthusiasm  for  different  energy  sources,  these  are  best 
avoided.  As  in  open  cases,  dissection  should  be  carried  out 
at  the  avascular  junction  of  the  adhesions  and  the  anterior 
abdominal  wall.  Ligating  clips  or  the  limited  application  of 
an  energy  source  can  be  used  when  significant  bleeding  or 
vessels  are  encountered.  In  the  majority  of  cases,  even  this 


Figs  17.8A  to  D:  Any  adhesion  should  be  removed  with  bipolar  and  scissors 
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is  unnecessary.  The  risk  of  monopolar  cautery  is  well  known, 
but  there  is  also  risk  of  thermal  injury  by  direct  contact  with 
ultrasonic  or  radio  frequency  dissection  instruments.  This  is 
particularly  true  in  the  poorly  visualized  area  behind 
adhesions. 

If  omentum  is  adhered  with  the  anterior  abdominal  wall 
it  should  be  dissected  after  applying  bipolar  or  extracorporeal 
knot  (Figs  17.10A  and  B).  It  is  critical  that  all  adhesions  to 
the  anterior  abdominal  wall  be  released  to  allow  adequate 
patch  placement  and  fixation. 

Once  adhesiolysis  has  been  completed,  the  exact  extent 
of  the  defect  can  be  directly  evaluated.  The  defects  are 
carefully  drawn  onto  the  skin  of  the  anterior  abdominal  (Fig. 
17. 1 1 ).  In  the  case  of  multiple  defects,  the  area  drawn  should 
include  all  of  the  defects.  We  have  progressed  to  repairing 
the  entire  area  of  a  previous  incision  as  opposed  to  simply 
repairing  a  single  defect.  There  have  been  a  number  of 
patients  who  have  presented  later  in  follow-up  and  are 
discovered  to  have  a  new  hernia,  outside  the  area  of  previous 
repair.  In  open  surgery  these  may  have  simply  been 
considered  recurrences.  If  there  is  any  difficulty  in  delineating 
the  margins  of  the  defect,  a  spinal  needle  can  be  passed 
perpendicular  to  the  anterior  abdominal  wall  and  through 
the  margins  of  the  defect. 

The  selection  of  size  of  mesh  is  important  to  prevent 
recurrence  of  hernia  and  it  should  be  sufficiently  big  so  that 
approximately  4  cm  healthy  margin  of  defect  of  hernia 
should  be  covered  all  around.  Recently  new  hybrid  mesh 
has  been  introduced  with  absorbable  material  on  one  side 
and  unabsorbable  proline  on  the  other.  These  meshes  are 


Fig.  17.9:  Bipolar  can  be  used  safely  in  case  of  adhesion 
with  omentum 


better  than  proline  because  adhesion  is  less  likely  to  develop 
due  to  absorbable  material  towards  the  bowel. 

The  mesh  is  fixed  along  margins  and  around  the  ring  of 
defect  of  rectus  to  ensure  a  close  approximation  of  mesh  to 
abdominal  wall.  Care  should  be  taken  that  mesh  should 
not  be  corrugated  and  it  should  be  in  proper  contact  with 


Figs  17.10A  and  B:  Extracorporeal  knot  can  be  used  in  case  of 
adhesion  with  omentum 


Fig.  17.11:  Appropriate  size  of  mesh  should  be  used  to  prevent 
recurrence 
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anterior  abdominal  wall.  Tacker,  Pro  tack  or  Endo  anchor 
can  be  used  to  fix  the  mesh.  After  fixing  the  mesh  greater 
omentum  is  speeded  like  an  apron  in  between  the  bowel 
and  mesh  (Figs  17.12A  and  B).  Some  adhesion  of  mesh 
with  omentum  is  always  expected  in  this  technique.  If  patient 
is  early  mobilized  and  newer  generation  of  mesh  is  used  the 
long-term  complication  of  adhesion  is  very  less  with  this 
technique. 

Loosely  held  mesh  hanging  through  the  anterior 
abdominal  wall  will  definitely  increase  the  chance  of 
adhesion  with  bowel.  Tacker  should  be  used  to  fix  the  mesh 
in  position.  Recently,  a  technique  of  using  proline  suture  to 
fix  the  mesh  with  anterior  abdominal  wall  is  used  with  the 
help  of  suture  passer  or  looping  technique  with  the  help  of 
Veress  needles  cannula.  The  main  idea  of  this  method  is  to 
reduce  the  cost  of  surgery,  but  there  is  increased  chance  of 
infection  and  adhesion  with  this  method.  We  also  lack  any 
long-term  randomized  controlled  trial  to  prove  the  outcome 
of  this  external  suture  technique  to  fix  the  mesh  in  ventral 
hernia  repair. 

CHOICE  OF  MESH  IN  VENTRAL  HERNIA 

Synthetic  Materials 

A  variety  of  synthetic  polymeric  meshes  were  developed 
in  the  second  half  of  the  20th  century  and  revolutionized 
hernia  repair.  With  these  meshes,  abdominal  wall  defects 
could  be  repaired  without  undue  tension  on  the  sutured 
tissue,  decreasing  the  high  recurrence  rates  of  abdominal 
wall  hernia  repair.  Sir  Francis  Usher  introduced  woven 
monofilament  polypropylene  mesh  in  1958.  It  was 
modified  to  a  knitted  mesh  in  1962  so  that  the  mesh  would 


not  unravel  when  it  was  cut.  Polypropylene  mesh  gained 
widespread  popularity  over  the  next  30  years  and  several 
types  of  polypropylene  mesh  are  commercially  available 
today.  Polyester  mesh  was  also  introduced  in  the  1950's 
in  Europe.  Rives  and  Stoppa  employed  polyester  mesh  in 
their  landmark  article  describing  a  preperitoneal  technique 
of  ventral  hernia  repair  in  1989.  The  technique  described 
by  Rives  and  Stoppa  has  become  the  standard  by  which 
all  abdominal  wall  incisional  hernia  repairs  are  measured. 
Polypropylene  mesh  and  polyester  mesh  revolutionized 
abdominal  wall  repair  because  the  meshes  did  not 
deteriorate  with  age,  were  pliable,  and  would  stretch, 
allowing  for  more  even  load  distribution.  Nevertheless,  the 
large  interstices  in  polypropylene  and  polyester  mesh 
promoted  adhesion  formation  when  the  mesh  came  into 
contact  with  the  visceral  abdominal  cavity.  Reported 
complications  included  small  bowel  obstruction,  erosion, 
and  fistulization.  Expanded  polytetrafluoroethylene 
(ePTFE),  initially  used  as  a  vascular  prosthesis,  was  adapted 
for  abdominal  wall  incisional  hernia  repair  in  1983  by  WL 
Gore  and  Associates  and  modified  several  times  in  the 
1990's.  Unlike  the  polypropylene  and  polyester  meshes 
that  preceded  it,  ePTFE  is  microporous  and  select  products 
are  uniquely  designed  with  pores  measuring  3  microns  on 
the  visceral  side  facing  the  abdominal  cavity  and  22 
microns  facing  the  abdominal  wall.  This  design  promotes 
fibroblastic  and  vascular  ingrowth  from  the  abdominal  wall 
22  micron  side,  but  inhibits  tissue  attachment  to  the 
material  on  3  micron  side  when  exposed  to  the  intra¬ 
abdominal  cavity.  There  are  no  reports  of  fistulization  or 
small  bowel  obstructions  due  to  adhesions  from  ePTFE 
material. 


Figs  17.12A  and  B:  Fixation  of  mesh  can  be  accomplished  with  endoanchor 
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Synthetic  meshes,  made  of  materials  such  as  ePTFE 
(expanded  polytetrafluoroethylene)  and  polypropylene  is 
used  most  of  the  time  for  repair  of  hernia.  The  repair  process 
for  these  materials  is  based  on  scar  formation  in  and  around 
the  mesh.  The  advantage  of  using  these  materials  is  that 
they  generally  do  not  react  with  the  human  tissue.  They  are 
strong  and  do  not  tear  easily,  are  readily  available, 
inexpensive,  and  have  a  long  history  of  being  used  for  soft 
tissue  replacements. 

However,  use  of  synthetic  materials  is  not  without 
problems.  As  a  foreign  material,  body  may  react  to  its 
presence  by  growing  around  it  (encapsulation)  in  an  attempt 
to  exclude  it  from  body.  In  the  process,  tissue  forms  a  capsule 
of  rigid,  fibrous  scar  tissue  around  the  synthetic  material. 
The  rigid  capsule  could  affect  the  function  and  the  aesthetic 
outcome  of  the  repair.  Furthermore,  foreign  bodies  such  as 
synthetic  materials  increase  the  risk  of  infection  when 
implanted  in  the  body.  As  part  of  the  foreign  body  response, 
the  repair  site  may  be  subjected  to  inflammation,  infection 
and  pain. 

SURGISIS 

It  is  porcine  intestinal  submucosa  and  specifically  designed 
as  a  surgical  graft  for  hernia  and  abdominal  body  wall  repair 
(Fig.  17.13).  Surgisis  gold  combines  strength  with  flexibility 
in  a  naturally  occurring  graft  material  that  allows  for  hernia 
repair  without  the  need  for  a  permanent  synthetic  prosthesis. 
Surgisis®  Gold™  supports  the  surgical  site  while  the  body's 
natural  healing  process  replaces  the  graft  with  new  host 
tissue.  It  is  collagen  biomatrix,  naturally  occurring  and 
acellular  with  18  months  shelf  life. 


ALLODERM 

It  is  biological  dermal  matrix  from  processed  donated  human 
tissue  (Fig.  17.14).  AlloDerm  is  processed  from  donated 
human  skin.  The  tissue  goes  through  a  cell  removal  process 
while  retaining  the  important  biochemical  and  structural 
components.  AlloDerm  is,  thus,  acellular  human  tissue.  Since 
AlloDerm  is  derived  from  human  tissue,  there  may  be  a 
concern  that  it  might  harbor  disease  carrying  viruses.  Tissue 
donors  are  screened  and  tested  for  transmissible  diseases 
including  HIV,  hepatitis,  and  syphilis  before  tissue 
processing.  AlloDerm  has  been  utilized  in  more  than 
7,50,000  implants  and  grafts  to  date,  without  any  reported 
incidence  of  viral  disease  transmission  to  a  patient.  AlloDerm 
repairs  damaged  tissue  by  providing  a  foundation  for  new 
tissue  regeneration.  The  skin  components  preserved  in 
AlloDerm  contain  the  information  that  will  help  your  own 
tissue  to  grow  into  the  AlloDerm  after  placement  at  the  repair 
site. 

PROCEED 

Soft  PPM  covered  with  PDS  and  oxidized  regenerated 
cellulose  fabric  (Fig.  17.15). 

THE  SECOND  TECHNIQUE 

Preperitoneal  Repair  of  Ventral  Hernia 

This  technique  is  also  called  inlay  technique  of  laparoscopic 
ventral  hernia  repair.  The  peritoneum  is  incised  and 
preperitoneal  space  is  created  in  this  technique.  The  sac  of 
the  hernia  if  excised  nicely.  It  can  give  some  extra  flap  of 


Fig.  17.13:  Surgisis 


Fig.  17.14:  AlloDerm 
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Fig.  17.15:  Proceed 


peritoneum  for  successful  overlapping  of  both  the  edges.  In 
this  technique  margin  of  defect  is  sutured  intracorporeally 
to  decrease  the  gap.  Pressing  the  abdominal  wall  on  both 
the  side  from  outside  will  help  to  obliterate  the  space  in  this 
hernia  surgery.  Either  intracorporeal  stitches  or  external 
mattress  sutures  can  be  used  to  fix  the  mesh  to  the 
musculofacial  defect.  Once  the  mesh  is  fixed,  the  peritoneum 
is  sutured  using  vicryl  to  cover  the  mesh.  This  method  of 
laparoscopic  ventral  hernia  repair  is  same  as  that  of  open 
surgery  and  it  is  supposed  that  formation  of  adhesion  is  less. 

COMPLICATIONS 

•  Bowel  adhesion 

•  Fistulization 

•  Nerve  injury 

•  Vascular  injury. 

Multiple  studies  have  documented  that  open  hernioplasty 
has  significant  morbidity.  Leber  reported  a  27  percent  long¬ 
term  complication  rate  with  open  repair;  among  them  being 
infection,  hematoma  and  seroma,  chronic  sinus  tract 
formation,  mesh  extrusion,  fistula  formation  as  well  as  soft 
tissue  problems  such  as  non-healing  wound.  White  reported 
34  percent  of  250  open  ventral  hernia  repairs  had  wound 
related  complications.  The  complications  of  the  open  repair 
mainly  relate  to  the  type  of  mesh  that  is  most  commonly 
used  (polypropylene  and  polyester  meshes).  In  addition, 
the  wide  dissection  of  soft  tissue  that  is  required  for  a  Stoppa 
type  retro-rectus  repair  or  a  Chevrel  type  anterior  repair 
leads  to  the  many  wound  related  problems. 

Some  patient  will  develop  a  fluid  collection,  what  is 
commonly  called  a  seroma,  between  the  mesh  and  the 
abdominal  wall.  Many  of  these  are  not  apparent  to  the 


patient  or  the  surgeon  but  some  are  evident  and  can  be 
bothersome  to  the  patient.  Complications  from  these 
seromas  were  some  time  reported  in  many  studies.  Most 
surgeons  do  not  aspirate  these  fluid  collections  for  fear  of 
infecting  the  prosthetic.  However,  the  author  has  freely 
aspirated  the  seromas  if  they  are  large  or  if  they  are 
bothersome  to  the  patient.  The  author  has  never  seen  an 
infection  of  the  prosthetic  from  aspiration  of  these  fluid 
collections  if  full  aseptic  precaution  is  taken. 

Probably  the  most  dreaded  complication  that  has  been 
seen  is  bowel  injury.  Enterotomy  is  a  well-documented 
complication  and  commonly  occurs  and  can  be  readily 
visualized  and  handled  through  an  incision.  Laparoscopy 
presents  a  whole  new  situation  with  respect  to  enterotomy. 
Prevention  is  the  first  line  of  defense.  Lysis  of  adhesions  is 
well  visualized  due  to  the  magnification  and  high  intensity 
light  source  inherent  in  the  laparoscopic  technique.  It  is  very 
important  that  energy  sources  be  used  very  sparingly  if  at 
all  during  lysis  of  adhesions.  If  a  surgeon  enters  the  proper 
planes,  there  is  very  little  bleeding  and  thus  low  need  for 
energy  sources.  Inappropriate  use  of  energy  sources  is  a 
common  cause  of  unrecognized  enterotomy.  Monopolar 
cautery  has  the  problem  of  current  spread,  and  it  is  easy  to 
coagulate  one  area  and  see  the  current  spread  to  the  adjacent 
area  instantaneously.  For  this  reason  monopolar  cautery 
should  not  be  used  adjacent  to  the  bowel.  The  ultrasonic  or 
radio  frequency  dissection  instruments  are  "sold"  with  the 
supposed  advantage  that  there  is  minimal  thermal  spread 
unlike  monopolar  cautery.  Although  this  may  be  true,  the  tip 
remains  very  hot  and  any  touching  of  viscera  can  cause  a 
burn  that  may  not  be  apparent  during  the  operation.  It  is 
only  after  several  hours,  either  that  night  or  the  next  day, 
when  the  tissue  sloughs,  that  the  enterotomy  presents  itself. 
We  do  not  recommend  the  use  of  ultrasonic  or  radio  frequency 
dissection  instruments  for  this  reason.  The  most  important 
thing  to  remember  is  that  if  lysis  of  adhesions  involving  the 
intestine  is  not  safe,  i.e.  the  surgeon  cannot  see  well  or  the 
surgeon  cannot  determine  if  an  enterotomy  has  occurred, 
the  patient  should  be  opened!  Deaths  have  been  reported 
from  laparoscopic  incisional  hernioplasty  due  to  bowel  injuries 
that  have  not  been  perceived  during  surgery  and  only  become 
apparent  postoperatively.  By  the  time  the  diagnosis  is  made, 
the  patients  are  septic  and  succumb  to  this  complication. 

DISCUSSION 

Initially  described  in  1992,  laparoscopic  repair  of  incisional 
hernias  has  evolved  from  an  investigational  procedure  to 
one  that  can  safely  and  successfully  be  used  to  repair  ventral 
hernias.  The  well-established  benefits  of  laparoscopy  repair 
are  less  postoperative  pain,  reduced  hospital  stay  and 
recovery  time,  low  complication  and  recurrence  rates  based 
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on  numerous  reports,  meta-analysis  and  few  randomized 
trials.  Conventionally,  the  laparoscopic  ventral  hernia  repair 
(LVHR)  entails  the  intraperitoneal  placement  and  fixation 
of  the  prosthetic  mesh.  An  alternative  technique  have  been 
tried  in  few  studies  and  proposed  and  to  be  an  advancement 
of  the  conventional  approach. 

Despite  its  significant  prevalence  and  associated 
morbidity,  there  is  little  in  the  way  of  evidence  based 
guidelines  regarding  the  timing  and  method  of  repair  of 
ventral  and  particularly,  incisional  hernias.  Several  large 
studies  on  laparoscopic  ventral  hernia  repair  (LVHR)  have 
been  reported.  This  technique  has  proven  to  be  a  safe  and 
feasible  alternative  to  open  mesh  repair.  Although  many 
are  retrospective  series  and  a  few  comparative  studies,  only 
two  completed  randomized  trials  comparing  open  versus 
laparoscopic  mesh  repair  have  been  published.  Based  on 
these  studies,  LVHR  has  been  found  to  have  shorter  operating 
time  depending  on  the  surgeon’s  experience,  shorter  hospital 
stay,  and  lower  complication  rates  especially  wound  and  mesh 
infections  and  lower  recurrence  rate  during  the  follow-up 
period.  This  evidence  has  led  to  the  suggestion  that  now;  it 
would  be  unethical  to  conduct  a  prospective  randomized 
controlled  trial  comparing  LVHR  and  open  approach. 

Laparoscopic  ventral  hernia  repair  (LVHR)  techniques 
are  based  on  the  fundamental  principles  of  the  open 
preperitoneal  repair  described  by  Stoppa  and  Rives.  The 
placement  of  a  large  mesh  in  the  preperitoneal  location 
allows  for  an  even  distribution  of  forces  along  the  surface 
area  of  the  mesh,  which  may  account  for  the  strength  of  the 
repair  and  the  decreased  recurrence  associated  with  it.  The 
repair  capitalizes  on  the  physics  of  Pascal’s  principle  of 
hydrostatics  by  using  the  forces  that  create  the  hernia  defect 
to  hold  the  mesh  in  place.  For  this  to  attain  maximum  effect, 
there  has  to  be  a  wide  mesh  overlap  over  the  defect  and 
adequate,  secure  fixation.  In  the  open  approach,  attaining 
an  overlap  of  3  to  5  cm  required  extensive  soft  tissue 
dissection,  with  the  resultant  increase  in  wound 
complications.  Larger  defects  should  require  more  overlap 
and  smaller  ones  theoretically  less.  The  laparoscopic 
approach  not  only  allows  clear  definition  of  the  defect 
margins  but  also  the  identification  of  additional  defects  that 
may  not  have  been  clinically  apparent  preoperatively. 

Both  the  inlay  and  onlay  placements  of  prosthetic  mesh 
embrace  these  fundamental  principles  of  hernia  repair.  The 
onlay  and  the  transabdominal  inlay  methods,  allow  for 
adequate  diagnostic  laparoscopy  to  clearly  define  the  margins 
and  the  number  of  the  hernia  defects  including  the  occult  ones. 

MESH  PLACEMENT  AND  FIXATION 

One  of  the  critical  technical  points  that  significantly  impact 
on  any  method  of  hernia  mesh  repair  is  adequate  mesh 


fixation.  The  mesh  is  held  in  position  by  sutures  and  /or 
staples,  clips,  tacks,  intra-abdominal  pressure  and  later  by 
fibrinous  growth.  The  most  widespread  technique  in  onlay 
approach  involves  fixation  of  mesh  with  tacks  and 
transabdominal  permanent  sutures.  Some  surgeons  have 
tried  to  reduce  the  operating  and  possibly  postoperative 
discomfort  by  reducing  or  eliminating  the  use  of  sutures. 
The  physics  of  mesh  fixation  do  not  support  the  sole 
placement  of  tacks.  Majority  of  the  meshes  used  are  about 
1  mm  thick.  A  perfectly  placed  tack  can  be  expected  to 
penetrate  only  2  mm  beyond  the  mesh  thus  tacks  will  not 
give  the  same  holding  strength  as  full  thickness  abdominal 
wall  suture.  Furthermore,  the  mesh  is  placed  against  the 
peritoneum,  so  any  ingrowth  is  most  likely  into  the 
peritoneum  and  not  into  the  fascia. 

Detachment  of  tacks  has  also  been  attributed  to  some 
recurrence  of  hernia.  Postoperative  recurrence  of  ventral 
hernia  repair  is  reported  to  be  as  high  as  13  percent  when 
only  a  stapling,  clipping  or  the  tacking  device  is  used  for 
mesh  fixation.  Proper  use  of  the  transfascial  fixation  sutures 
in  combination  with  staples  decreased  the  recurrence 
rate  to  as  low  as  2  percent.  Therefore  the  current 
recommendation  for  mesh  fixation  is  that  a  transfascial  suture 
should  be  placed  at  a  distance  of  5  cm  each  along  the 
perimeter  of  the  mesh  and  tacking  devices  be  used  to  affix 
the  edge  of  the  mesh  at  1  cm  intervals.  The  preperitoneal 
approach  mesh  fixation  differs  in  that,  there  is  immediate 
and  continued  fixation  by  the  intact  peritoneal  sac  and 
whether  tacks  or  sutures  or  both  are  used,  they  fix  the  mesh 
directly  onto  the  fascia.  The  primary  concern  of  the 
peritoneal  flap  in  the  inlay  technique  is  to  achieve  secure 
fixation  of  the  mesh  to  the  underlying  fascia.  The  fibrinous 
ingrowth  is  from  the  fascia  and  not  the  peritoneum. 
Furthermore  the  preperitoneal  positioning  confers  with  the 
original  design  of  Stoppa. 

Perhaps  the  most  compelling  advantage  of  the 
preperitoneal  placement  of  the  mesh  in  the  inlay  approach 
is  the  avoidance  of  direct  interaction  between  the  mesh  and 
the  intra-abdominal  viscera.  Contact  of  the  viscera  with 
foreign  material  such  as  the  prosthesis  may  lead  to  an 
inflammatory  response  and  adhesion  formation  which  can 
induce  chronic  pain,  intestinal  obstruction,  enterocutaneous 
fistula  and  infertility.  In  addition,  adhesions  complicate  any 
future  intra-abdominal  surgery.  The  peritoneal  covering  also 
allows  the  use  of  conventional  meshes,  which  have  been 
associated  with  intense  inflammatory  response  and  adhesion 
formation  by  some  workers.  The  choice  of  the  mesh  used 
in  LVHR  may  be  the  most  contentious  issue,  particularly 
when  financial  cost  is  a  major  consideration. 

The  biomaterials  available  for  ventral  hernia  repair  have 
undergone  many  changes  over  the  last  several  years.  There 
are  new  products  that  have  either  been  recently  introduced 
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or  are  in  developmental  stages.  All  seek  to  achieve  two  goals; 
rapid  and  permanent  ingrowth  into  the  body  wall  and 
diminution  of  the  risk  of  intestinal  adhesions  while 
maintaining  its  tensile  strength.  The  visceral  side  should  be 
smooth,  nonerosive  antiadhesive  and  not  easily  susceptible 
to  infection.  This  visceral  barrier  should  be  present  for  at 
least  one  week  because  this  is  the  time  frame  in  which 
adhesions  forms.  The  ventral  side  should  be  macroporous 
allowing  for  fibroblast  in  growth  and  a  foreign  body  reaction 
may  be  necessary  for  incorporation  and  high  tensile  strength. 

Polypropylene  (prolene)  mesh,  introduced  by  Sir  Francis 
Usher  in  1958  and  modified  in  1962  has  gained  widespread 
popularity  and  several  types  are  commercially  available 
today.  Polyester  mesh  was  introduced  in  Europe  in  the 
1950s.  Stoppa  used  the  polyester  mesh  in  their  landmark 
article  describing  preperitoneal  repair  of  ventral  hernia  in 
1989.  Prolene  mesh  is  currently  the  most  widely  used 
because  it  is  relatively  inexpensive,  easy  to  handle,  has  a 
memory  (allows  them  to  regain  the  original  shape)  and  is 
firmly  incorporated  in  the  abdominal  wall  due  to  its  ability 
to  induce  an  intense  inflammatory  reaction.  A  2  to  5  percent 
fistula  rate  has  been  reported  with  polypropylene  mesh  used 
intra-abdominally  leading  to  the  suggestion  the  great  care 
must  be  taken  to  separate  it  from  the  bowel  if  it  has  to  be 
used  at  all.  However,  some  studies  do  not  support  this  view. 
Bingener  found  no  association  of  visceral  adhesion  when 
prolene  was  used  with  adequate  omental  interposition 
between  it  and  the  bowel.  In  another  study  involving  136 
patients,  Vrijland  concluded  that  enterocutaneous  fistula 
appears  to  be  very  rare  after  prolene  mesh  repair  regardless 
of  intraperitoneal  placement,  omental  coverage  or  closing 
the  peritoneum. 

A  study  comparing  the  biomaterials  used  in  LVHR  found 
polyester  to  have  the  highest  incidence  of  infection, 
fistulization  and  recurrence.  The  expanded 
polytetrafluoroethylene  (ePTFE)  has  the  longest  history  in 
the  use  for  these  hernias  repair.  The  original  description  of 
the  procedure  used  an  early  generation  of  the  ePTFE 
product.  The  current  product  has  one  smooth  surface  with 
3  microns  ePTFE  interstices,  while  the  other  side  has  22 
microns  interstices  to  facilitate  fibroblastic  ingrowth  for  firm 
fixation.  Other  modifications  of  this  product  involve 
incorporation  of  antimicrobials  on  the  visceral  surface.  All 
of  the  composite  prostheses  have  ePTFE  and  prolene  or 
polyester  but  differ  in  the  number  and  attachment  of  them 
together.  There  are  no  reports  of  intestinal  fistulization  or 
obstruction  with  ePTFE  though  it  has  also  been  found  to 
induce  inflammation  and  fibrosis  in  laboratory  animals. 

However,  the  use  of  synthetic  materials  is  not  without 
problems.  As  a  foreign  material,  the  repair  site  is  subjected 
to  inflammation,  susceptibility  to  infection  and  pain  as  a 
foreign  body  response.  Encapsulation  could  affect  the  elastic 


function  of  the  abdominal  wall  and  aesthetic  outcome  of 
the  repair.  This  has  stimulated  the  search  for  natural 
biological  prostheses  like  surgisis,  collagen, 
glycosaminoglycans  from  porcine  intestinal  submucosa  and 
alloderm.  The  financial  cost  to  clinical-benefit  ratio  for  use 
of  the  substantially  expensive  composite  meshes  is 
unquantified  and  is  likely  to  remain  as  such  because,  given 
the  widespread  acceptance  of  composite  products,  a 
randomized,  clinical  comparison  with  prolene  is  unlikely  to 
occur.  Therefore,  in  selected  circumstances,  it  may  be 
acceptable  to  use  a  simple  mesh,  if  this  can  be  excluded 
from  the  bowel  by  tissue  interposition  be  it  omentum  or 
peritoneum.  A  composite  mesh  should  be  considered  as 
the  current  standard  of  care. 

The  extraperitoneal  placement  of  the  prostheses  would 
in  principle  diminish  the  intra-abdominal  complications 
associated  with  formation  of  adhesions.  It  would  also  allow 
the  safe  use  of  the  conventional  meshes  like  prolene,  which 
has  high  intrinsic  tensile  strength,  good  memory,  and 
cheaper .  In  addition  the  peritoneal  coverage  over  the  entire 
mesh  provides  additional  security  of  fixation  and  a  better 
mechanical  advantage.  As  such  it  can  be  seen  as  an  advance 
over  the  onlay  approach.  However,  the  placement  is 
technically  demanding  as  evidenced  by  the  high  iatrogenic 
peritoneal  tears  in  the  largest  series  and  it  may  not  be  feasible 
in  the  scarred  abdomen  of  incisional  and  recurrent  hernias, 
which  constitute  the  bulk  and  seems  to  benefit  most,  from 
LVHR.  Thus  the  issue  of  limitation  of  patient  population 
amongst  the  technical  feasibility  and  adequacy  of  defect 
coverage  are  issues  of  great  concern  before  the  method  is 
accepted  as  an  additional  procedure  for  LVHR. 

The  good  results  and  the  attributed  safety  of  LVHR  are 
based  on  the  large  number  of  studies  mainly  utilizing  the 
intraperitoneal  approach.  The  generalization  of  the 
procedure  has  resulted  in  multiple  variations  of  techniques. 
Overall,  fewer  complications  are  reported  after  LVHR  than 
after  open  mesh  repair  especially  in  relation  to  wound  and 
mesh  infection.  The  efficacy  of  the  inlay  approach  as  an 
advancement  of  the  conventional  repair  needs  to  be 
evaluated  in  terms  of  the  several  specific  complications  that 
are  of  particular  relevance  in  laparoscopic  procedures. 

BOWEL  INJURY 

Probably  the  most  dreaded  complication  is  bowel  injury 
and  particularly  if  it  is  missed  intraoperatively.  It  is  a 
potentially  lethal  complication.  The  overall  incidence  of 
bowel  injury  does  not  differ  significantly  between  open  repair 
and  laparoscopic  repair  and  is  generally  low  with  either 
approach  (1-5%  when  serosal  injuries  are  included). 
Pneumoperitoneum  may  hinder  the  recognition  of  bowel 
injury  at  the  time  of  operation.  There  have  also  been  reports 
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of  late  bowel  perforation  secondary  to  thermal  injury  with 
laparoscopic  repair. 

Minimizing  the  use  of  electrocauterization  and  ultrasonic 
dissection  markedly  reduces  the  risk  of  bowel  injury.  The 
visualization  afforded  by  the  pneumoperitoneum  place 
adhesions  between  the  abdominal  wall  and  the  bowel  under 
tension.  The  high  intensity  light  source  and  the  magnification 
inherent  in  the  laparoscopy  facilitate  identification  of  the 
least  vascularized  planes.  As  far  as  possible,  direct  grasping 
the  bowel  should  be  avoided  preferring  simply  to  push  it  or 
to  grasp  the  adhesions  themselves  to  provide  counter 
traction.  External  pressure  on  the  hernia  may  also  help. 
Larger  vessels  in  the  omentum  or  adhesions  are  controlled 
with  clips.  Some  degree  of  oozing  from  the  dissected  areas 
is  tolerated;  such  oozing  almost  always  settles  down  without 
specific  hemostatic  measures. 

ADHESION 

In  cases  of  dense  adhesions  it  is  preferable  to  divide  the  sac 
or  the  fascia  rather  than  risk  injury  to  bowel.  Densely 
adherent  polypropylene  mesh  is  best  excised  the  abdominal 
wall  rather  than  attempting  to  separate  it  from  the  serosa  of 
the  bowel.  If  bowel  injury  is  suspected  immediate  and 
thorough  inspection  should  be  carried  out.  It  may  be  difficult 
or  impossible  to  find  the  exact  site  of  injury  later  once  the 
bowel  has  been  released  and  freed  of  its  attachments.  Once 
the  injury  is  recognized,  it  is  the  surgeon’s  level  of  comfort 
with  laparoscopic  suture  repair  determines  the  best 
approach.  With  minimal  spillage  of  bowel  contents,  the  injury 
may  be  treated  with  either  laparoscopic  repair  or  open  repair; 
the  latter  usually  can  be  carried  out  through  a  mini¬ 
laparotomy  over  the  injured  area.  Whether  the  mesh 
prosthesis  is  put  primarily  or  later  depends  on  the  degree  of 
contamination.  More  significant  bowel  injuries  necessitate 
conversion  to  open  repair.  Missed  injuries  manifest 
postoperatively  mandating  re-exploration  with  occasional 
removal  of  the  mesh  and  immediate  recurrence  of  the  hernia. 

INFECTION 

One  of  the  greatest  benefits  of  LVHR  is  the  reduction  in 
wound  and  mesh  infections.  In  a  detailed  analysis  of  wound 
complications  from  a  pooled  data  of  forty-five  published 
series  involving  5340  patients,  Pierce  reported  wound 
infection  rates  of  4.6  to  8  times  fold  higher  in  open  versus 
LVHR.  The  number  of  mesh  infections  was  also  significantly 
higher  with  open  approaches.  Wound  problems  are  strongly 
linked  with  soft  tissue  dissection  required  for  retromuscular 
placement  of  large  pieces  of  mesh.  The  intraperitoneal 
approach  obviates  the  need  of  this  dissection  that  potentially 
de vascularizes  the  fascia  and  cause  hematoma  formation, 
both  of  which  contribute  to  infection.  Although  the  incidence 


of  mesh  infection  is  very  low  the  consequences  are  severe. 
Infections  of  prolene  meshes  can  be  managed  locally  with 
surgical  drainage  and  excision  of  exposed,  unincoporated 
segments  but  that  of  ePTFE  require  removal  in  most  cases 
due  to  its  relatively  low  incorporation  onto  the  body  wall. 
Removal  of  the  mesh  results  in  return  of  the  defect  and  its 
added  morbidity.  An  analysis  of  all  series  with  more  than 
50  patients  indicated  a  mesh  infection  rate  of  0.6  percent, 
cellulitis  of  the  trochar  sites  that  resolved  on  antibiotics  alone 
in  1 . 1  percent  and  an  overall  wound  and  mesh  complications 
of  1.7  percent.  This  has  led  to  the  widely  perceived 
conclusion  that  the  most  compelling  argument  for  LVHR  is 
the  minimization  of  soft  tissue  dissection  and  the  associated 
reduction  in  the  morbidity  of  local  wound  complications 
and  potential  infection  of  the  implanted  mesh.  The  high 
mesh  infection  rate  reported  in  the  inlay  approach  could  be 
related  to  the  extensive  dissection  of  the  peritoneal  flap. 

SEROMA 

Seroma  formation  is  one  of  the  most  commonly  reported 
complications  in  LVHR  though  it  is  not  unique  to 
laparoscopy.  It  swelling  like  mass  occurs  immediately  after 
operation  in  virtually  all  patients  but  disappear  after  few 
weeks.  Most  seromas  develop  above  the  mesh  and  within 
the  retained  hernia  sac.  The  mean  incidence  of  seroma  in 
reported  series  at  a  range  of  4  to  8  weeks  is  11.4  percent.  In 
the  largest  multi-institutional  trial,  seromas  that  were  clinically 
apparent  more  than  8  weeks  were  considered  a  complication 
and  occurred  in  2.6  percent.  Regardless  of  whether  they 
are  aspirated  under  sterile  conditions  or  allowed  to  resolve, 
they  rarely  cause  long-term  morbidity.  Aspiration  may 
increase  the  risk  of  mesh  infection  but  is  recommended  if 
they  enlarge  or  persist  before  they  reach  their  extremes. 
Patients  sometimes  mistake  a  tense  seroma  for  recurring 
incisional  hernia,  but  appropriate  preoperative  discussion 
should  provide  them  with  significant  reassurance  on  this 
point. 

Although  Feldman  suggests  that,  seroma  formation  is 
not  related  to  a  particular  type  of  mesh,  Carbanjo  and 
Heniford  reported  a  higher  incidence  of  seroma  formation 
with  ePTFE  than  prolene  based  meshes.  The  low  incidence 
in  the  latter  meshes  has  been  attributed  to  the  large  pores  of 
the  prolene-based  meshes  that  allow  more  efficient 
resorption  of  wound  secretions  into  the  abdominal  cavity 
than  ePTFE  meshes.  The  dissection  of  the  preperitoneal 
space  during  the  inlay  method  may  lead  to  more  seroma 
formation.  This  is  supported  by  the  fact  that,  in  the  classical 
description  of  the  onlay  technique,  it  is  emphasized  that  no 
attempts  should  be  made  to  reduce  or  resect  the  hernia  sac. 
This  has  been  established  to  be  unnecessary  and  to  increase 
the  incidence  of  seroma  formation.  The  peritoneum 
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interposed  barrier  between  the  mesh  and  the  abdominal  cavity 
may  hinder  the  direct  drainage  of  this  fluid  regardless  of  the 
mesh  used.  Thus  based  on  these  facts,  it  seems  plausible  that 
the  problem  of  seroma  formation  is  expected  to  be  higher  in 
the  inlay  than  the  conventional  onlay  approach. 

POSTOPERATIVE  PAIN 

After  LVHR,  about  5  percent  of  patients  complain  of 
persistent  pain  and  point  tenderness  at  the  transabdominal 
suture  site  which  usually  resolves  spontaneously  within  6 
to  8  weeks.  If  it  does  not,  injection  of  local  anesthetic  into 
the  area  around  the  painful  suture  has  good  results.  Since 
missed  enterotomy  is  a  grave  concern  in  LVHR,  particularly 
after  a  difficult  adhesiolysis,  correct  interpretation  of  the 
significance  of  postoperative  pain  is  an  important  issue. 
Whether  or  not  to  re-laparoscope  a  patient  who  experiences 
severe  pain  remains  an  important  issue.  A  possible 
explanation  of  the  common  type  of  pain  may  be  that,  the 
transabdominal  suture  entraps  an  intercostal  nerve  as  it 
courses  through  the  abdominal  muscles.  Local  muscle 
ischemia  may  be  another  possibility.  As  such,  it  is  an 
unavoidable  adverse  outcome  of  either  approach  so  long 
as  there  is  suture  fixation  of  the  prosthetic  mesh.  Whether  it 
can  be  avoided  by  not  using  suture  in  the  preperitoneal 
approach  has  to  be  weighed  against  the  clinical  benefit  ratio 
of  such  a  repair. 

OBESITY 

The  morbidly  obese  population  represents  a  significant 
population  of  patients  who  present  for  ventral  hernia  repair. 
The  advantages  of  minimal  dissection,  smaller  wounds  and 
decreased  wound  complications  using  the  onlay  methods 
have  been  concluded  in  a  recent  review  and  all  mitigates 
against  the  preperitoneal  dissection  of  the  inlay  approach. 

RECURRENCE 

The  ultimate  measure  of  the  effectiveness  of  hernia  surgery 
is  the  recurrent  rate.  Recurrence  rates  after  LVHR  range 
from  1.1  to  13  percent  whereas  those  after  the  open  repairs 
ranged  from  25  to  49  percent.  In  a  multicenter  series  of  850 
cases,  the  recurrence  rate  after  a  mean  follow-up  period  of 
20  months  was  4.7  percent.  The  average  recurrent  rates 
using  the  onlay  approach  are  approximately  4.2  percent 
although  rates  as  high  as  17  percent  have  been  reported. 
The  critical  technical  points  related  with  recurrence  are 
inadequate  mesh  fixation  particularly  with  sutures  and 
prostheses  that  overlap  the  defect  by  less  than  2  to  3  cm. 
Other  factors  associated  with  high  recurrent  rates  include 
postoperative  complications,  previous  repairs,  missed 
hernias  as  in  the  “Swiss  cheese”  defects,  longer  operating 


time  and  obesity.  The  surgeon’s  level  of  experience  plays  a 
significant  role  in  patient  outcome,  as  demonstrated  by  a 
group  that  compared  the  outcomes  for  their  first  100 
laparoscopic  incisional  hernia  repair  patients,  with  those  for 
their  second  100.  Recurrence  rates  after  a  mean  follow-up 
period  of  36  months  dropped  from  9  percent  in  the  first  100 
patients  to  4  percent  in  the  second  100.  In  addition,  the 
second  set  of  patients  were  an  average  of  9  years  older, 
had  a  higher  percentage  of  recurrent  hernias,  and  exhibited 
more  comorbidities,  yet  despite  these  added  challenges, 
operating  time  was  not  lengthened,  length  of  stay  was 
similarly  short,  and  the  complication  rate  was  no  different. 
A  multivariate  analysis  of  these  variables  indicated  that  prior 
failed  hernia  and  increased  estimated  blood  loss  predicted 
recurrence  while  the  other  variables  included;  body  mass 
index,  defect  size,  and  the  size  of  the  mesh  did  not  have  a 
positive  correlation. 

Although  the  results  of  large  randomized  trials  are  not 
available  yet,  the  recent  evidence  to  date  suggests  that  the 
conventional  onlay  laparoscopic  approach  to  the  repair  of 
ventral  hernias  is  highly  promising.  The  proposed 
laparoscopic  preperitoneal  placement  of  prostheses  seems 
to  negate  most  of  the  positive  attributes  of  LVHR  in  most 
ways.  This  technique  may  be  advantageous  in  small  primary 
hernias,  in  a  highly  selected  patients  population.  However, 
the  widespread  application  of  this  approach  or  even  the 
possibility  of  it  being  entered  into  a  randomized  trial  appears 
dismal  in  the  prevailing  evidence,  and  the  patients 
population  that  usually  present  with  this  structural  disability. 
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Chapter 


Laparoscopic  Repair 
Hiatus  Hernia 


INTRODUCTION 

The  esophageal  hiatus  is  an  elliptical  opening  in  the 
diaphragmatic  muscular  portion.  The  crura  of  diaphragm 
originate  from  anterior  surface  of  the  first-four  lumbar 
vertebrae  on  the  right  and  L2-L3  on  the  left  to  insert 
anteriorly  into  the  transverse  ligament  of  the  central  portion 
of  diaphragm  (Fig.  18.1  A). 

Hiatal  hernia  is  an  opening  in  the  diaphragm  through 
which  stomach  or  omentum  is  forced  into  the  chest  cavity. 
A  hiatus  hernia  can  exist  without  any  symptom. 

Type  I  or  Sliding  Hernia 

Gastroesophageal  (GE)  junction  migrates  above  the 
esophageal  hiatus.  It  is  the  most  common  type  of  hiatus 
hernia  (80%).  This  results  in  loss  of  the  cardiac  angle  of 
His  and  commonly  incompetence  of  the  cardioesophageal 


junction.  A  symptoms  and  complications  of  this  type  of 
hernia  are  those  which  are  consequence  of 
gastroesophageal  reflux  and  reflux  esophagitis  (Chronic 
blood  loss,  stricture,  Barrett’s  epithelium,  etc.). 

Type  II  or  Paraesophageal 

True  paraesophageal  hernia  characterized  by  normally 
positioned  GE  junction  and  an  intrathoracically  migrated 
stomach.  The  fundus  of  the  stomach  rotates  infront  of 
the  esophagus  and  herniates  through  the  hiatus  into  the 
mediastinum.  As  the  cardioesophageal  junction  remains 
in  situ  within  the  abdomen  cardiac  incompetence  and 
reflux  are  not  usually  encountered.  These  hernia  account 
for  8  to  10  percent  of  cases  and  is  found  predominantly 
in  the  elderly  patients.  This  type  of  hernia  are  prone  to 
incarceration  and  strangulation  with  infarction  and 
perforation  of  the  stomach. 


Figs  18. 1A  and  B:  Hiatus  hernia 
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Type  III  or  Mixed  Hernia 

Mixed  hernia  with  sliding  and  a  paraesophageal 
component.  This  resembles  a  large  paraesophageal  hernia 
but  gastroesophageal  junction  is  also  herniated  above  the 
diaphragm.  Mixed  hernia  has  feature  and  complication  of 
both  types  I  and  II  hernia.  It  is  found  in  10  percent  of 
patients. 

There  are  rare  instances  of  post-traumatic  herniation 
of  the  stomach  through  the  hiatus  and  these  must  be 
differentiated  from  traumatic  rupture  of  diaphragm.  In  the 
majority  of  cases,  the  development  of  hiatus  hernia  is 
spontaneous  (Fig.  18. IB).  Gallstone  and  colonic 
diverticular  disease  are  commonly  present  in  patients  with 
a  hiatus  hernia  (Saint’s  triad). 

SYMPTOMS  OF  TYPE  II  HIATUS  HERNIA 

•  Typical  heartburn  (47%) 

•  Dysphagia  (35%) 

•  Epigastric  pain  (26%) 

•  Vomiting  (23%) 

•  Anemia  (21%) 

•  Barrett's  epithelium  (13%) 

•  Aspiration  (7%). 

Symptomatic  gastroesophageal  reflux  disease  (GERD) 
is  frequently  associated  with  finding  of  a  sliding  hernia.  A 
number  of  procedures  like  Nissen’s  fundoplication  and  its 
modification  (the  Toupet  procedure),  Hill’s  procedure  and 
Belsey  transthoracic  repair  have  been  described.  Nissen’s 
fundoplication  is,  however,  the  simplest  and  most  effective. 
Success  has  been  achieved  in  performing  the  laparoscopic 
Nissen’s  fundoplication,  Hill’s  repair  and  Toupet  procedure 
as  well  as  thoracoscopic  Belsey  Mark  IV.  Laparoscopic 
Nissen’s  fundoplication  shows  the  most  progress  and  has 
the  potential  of  becoming  gold  standard.  It  offers  the 
opportunity  for  correction  of  the  underlying  anatomical  and 
functional  defect  associated  with  GERD  with  lessened 
discomfort  and  hospitalization. 

The  indications  are: 

•  Severe  heartburn 

•  Refractory  to  medical  therapy-symptoms  present  twelve 
weeks  after  therapy 

•  Noncompliance  with  therapy 

•  Development  of  complications  like  aspiration 

•  A  type  of  hiatal  hernia  where  the  stomach  is  at  risk  of 
getting  stuck  in  the  chest  or  twisting  on  itself 
(paraesophageal  hernia) 

•  Bleeding 

•  Barrett’s  mucosa 

•  Stricture. 


Relative  contraindications  include 

•  Previous  hiatal  or  upper  abdominal  surgery 

•  Morbid  obesity  with  left  hepatomegaly 

•  Shortened  esophagus 

•  Aperistalsis  of  esophagus  (achalasia,  scleroderma,  end 
stage  GERD). 

Appropriate  preoperative  evaluation  of  esophago¬ 
gastric  junction  is  essential  prior  to  performing 
laparoscopic  fundoplication.  Failure  of  surgery  to  control 
symptoms  occurs  in  up  to  10  percent  of  cases.  It  is  a 
reflection  that  antireflux  surgery  has  been  inadvertently 
utilized  for  unrecognized  cardiac,  hepatobiliary, 
esophageal  or  gastric  etiologies. 

Preoperative  Evaluation 

Preoperative  investigation  can  be  divided  into  mandatory 
and  selective  tests. 

Mandatory 

•  Endoscopy  UGI  with/without  biopsy 

•  Esophageal  manometry. 

Selective 

•  Barium  swallow 

•  24  hours  pH  monitoring 

•  Gastric  studies. 

At  least  3  cm  of  esophagus  must  be  mobilized  into  the 
abdomen  to  ensure  adequate  intra-abdominal  length  for 
fixation.  If  a  hiatal  hernia  is  present,  the  crura  are 
approximated  with  2  to  3  sutures  of  No.  Zero  non¬ 
absorbable  suture.  The  short  gastric  vessels  are  routinely 
divided  along  the  upper  one-third  of  stomach  using 
harmonic  scalpel.  A  2  cm  wrap  is  adequate  with 
incorporation  of  esophagus  into  the  wrap  to  prevent 
slippage. 

Postoperatively  a  chest  X-ray  is  obtained  in  the  recovery 
room  to  exclude  a  pneumothorax.  Patients  are  kept  on  clear 
liquids  on  the  day  of  surgery  and  soft  diet  the  following 
day.  Average  length  of  stay  is  2  days.  Intraoperative 
complications  may  include  injury  to  visceral  organs, 
bleeding,  pneumothorax  and  vagal  injury.  Postoperative 
complications  include  wrap  slippage. 

Port  Position 

The  patient  is  positioned  supine  on  the  operating  table,  and 
the  surgeon  works  from  the  right  side  with  the  assistant  on 
the  left.  Four  5  mm  and  one  10  mm  laparoscopic  ports  are 
placed  in  the  upper  abdomen  (Fig.  18.2).  Positioning  of 
liver  retractor  is  shown  in  Figure  18.3. 
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OPERATIVE  PROCEDURE  OF  GIANT 
PARAESOPHAGEAL  HERNIA 

After  exposing  the  hiatus,  the  herniated  stomach  is  reduced 
into  the  abdomen  using  atraumatic  graspers  in  a  “hand¬ 
over-hand”  fashion  (Fig.  18.4). 

Dissection  is  started  for  exposing  the  right  and  left  crura 
of  the  diaphragm  and  mobilizing  the  esophagus. 

Sling  is  applied  to  retract  the  esophagus  and  facilitate 
mobilization  of  esophagus  posteriorly  (Fig.  18.5). 

Once  the  dissection  is  complete  appropriate  size  of  mesh 
should  be  taken  and  suture  from  below  the  esophagus  to 
repair  the  defect  (Figs  18. 6A  to  I). 


Fig.  18.2:  Port  position  in  hiatus  hernia 


RECOMMENDATION  TO  AVOID  COMPLICATION 

•  Ports  should  be  placed  high  on  the  abdomen  since  much 
of  the  stomach  will  be  up  in  the  mediastinum. 

•  Compression  stockings  and  subcutaneous  heparin 
should  be  used  to  prevent  deep  venous  thrombosis. 

•  Intra-abdominal  pressures  less  than  15  mm  Hg  should 
be  used. 

•  Prefer  the  bipolar  for  mobilization  of  the  anterior 
gastroesophageal  fat  pad. 

•  It  is  important  to  remove  the  hernia  sac  from  the 
mediastinum  while  avoiding  entry  into  the  pleural 
spaces. 


Fig.  18.4:  Pulling  the  contractor  of  hernia  sac 


Fig.  18.3:  Liver  retractor 


Fig.  18.5:  Mobilization  of  esophagus 
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Figs  18.6A  to  I:  Fixation  of  Prolene  mesh 


•  Stomach  should  be  handled  gently  with  graspers-the 
chronically  herniated  stomach  perforates  relatively  easily. 

•  At  the  end  of  surgery  perforations  or  leaks  during 
dissection  should  be  watched  carefully. 
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Chapter 


Laparoscopic  Repair  of 
Duodenal  Perforation 


INTRODUCTION 

Perforation  is  a  life-threatening  complication  of  peptic  ulcer 
disease.  Duodenal  perforation  is  a  common  complication 
of  duodenal  ulcer.  The  first  clinical  description  of  perforated 
duodenal  perforation  was  made  by  Crisp  in  1843. 
Laparoscopic  treatment  of  perforated  duodenum  was  first 
reported  by  Mouret  in  1989. 

Perforated  duodenal  ulcer  is  mainly  a  disease  of  young 
men  but  because  of  increasing  smoking  in  women  and  use 
of  NSAID  in  all  the  age  group,  nowadays,  it  is  common  in 
all  adult  population.  In  western  society,  it  is  a  problem  seen 
mainly  in  elderly  women  due  to  smoking,  alcohol  and  use 
of  NSAID.  Increased  incidence  in  elderly  is  possibly  due  to 
increased  NSAID  use.  Majority  of  patient  of  perforated 
duodenal  ulcers  are  H.  pylori  positive. 

Diagnosis  is  made  clinically  and  confirmed  by  the 
presence  of  pneumoperitoneum  on  radiographs  (Fig.  19.1). 
Non-operative  management  is  successful  in  patients 
identified  to  have  a  spontaneously  sealed  perforation  proven 
by  water-soluble  contrast  gastroduodenogram.  For  most  of 
the  patient  of  perforation  of  duodenal  ulcer,  the  preferred 
treatment  is  its  immediate  surgical  repair.  The  traditional 
management  of  perforated  duodenal  ulcer  was  Graham 
Patch  Plication  described  in  1937.  Laparoscopic  repair  of 
duodenal  perforation  by  Graham  Patch  Plication  is  an 
excellent  alternative  approach. 

Operative  management  consists  of  the  time-honored 
practice  of  omental  patch  closure,  but  now  this  can  be  done 
by  laparoscopic  methods.  The  practice  of  addition  of  acid- 
reducing  procedures  is  currently  being  debated  though  it 
continues  to  be  recommended  in  high-risk  patients. 
Laparoscopic  approaches  to  closure  of  duodenal  perforation 
are  now  being  applied  widely  and  may  become  the  gold 
standard  in  the  future  especially  in  patients  with  <10  mm 
perforation  size  presenting  within  the  first  24  hours  of  onset 


of  pain.  The  role  of  Helicobacter  pylori  in  duodenal  ulcer 
perforation  is  controversial  and  more  studies  are  needed  to 
answer  this  question  though  recent  indirect  evidence  suggests 
that  eradicating  H.  pylori  may  reduce  the  necessity  for 
adding  acid  reducing  procedures  and  the  associated 
morbidity. 

Perforated  duodenal  ulcer  is  a  surgical  emergency. 
Laparoscopic  repair  of  duodenal  perforation  is  a  useful 
method  for  reducing  hospital  stay,  complications  and  return 
to  normal  activity.  In  many  elegantly  designed  and 
meticulously  executed  prospective  randomized  trial,  the 
laparoscopic  approach  in  the  management  of  perforated 


Fig.  19.1:  Gas  under  diaphragm  revealing  perforation 
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peptic  ulcer  disease  has  been  compared  to  the  open 
approach.  Studies  validate  that  laparoscopic  approach  is 
safe,  feasible,  and  with  morbidity  and  mortality  comparable 
to  that  of  the  open  approach.  With  better  training  in  minimal 
access  surgery  now  available,  the  time  has  arrived  for  it  to 
take  its  place  in  the  surgeon’s  repertoire. 


Anesthesia 

General  endotracheal  anesthesia  is  used.  Each  patient  is 
injected  in  the  pre-induction  phase  with  60  mg  IM  contramol, 
IV  metronidazole  or  tinidazole  and  with  2  g  of  cefizox  IV. 
The  H2  receptor  antagonist  like  ranitidine  injection  is  also 
advisable. 


LAPAROSCOPIC  APPROACH  HAS  ADVANTAGES 

•  Cosmetically  better  outcome 

•  Less  tissue  dissection  and  disruption  of  tissue  planes 

•  Less  pain  postoperatively 

•  Low  intraoperatively  and  postoperative  complications 

•  Early  return  to  work. 

The  main  tasks  of  this  operation  consist  of: 

•  Preparation  of  the  patient 

•  Creation  of  pneumoperitoneum 

•  Insertion  of  port 

•  Diagnostic  laparoscopy  and  locating  the  perforation 

•  Cleaning  the  abdomen 

•  Closure  of  the  perforation  with  an  omental  patch 

•  Irrigation  and  suction  of  operating  field 

•  Final  diagnostic  laparoscopy  for  any  bowel  injury  or 
hemorrhage 

•  Removal  of  the  instrument  with  complete  exit  of  C02 

•  Closure  of  wound. 

Patient  Selection 

Duodenal  perforation  is  a  laparoscopic  emergency.  If  the 
patient  condition  is  otherwise  fit  and  peritonitis  is  diagnosed 
within  12  hours  of  onset  it  is  possible  to  repair  the  perforation 
by  laparoscopic  method.  After  12  hours  chemical  peritonitis 
will  give  way  to  bacterial  peritonitis,  with  severe  sepsis  and 
then  the  laparoscopic  repair  is  not  advisable. 

OPERATIVE  TECHNIQUE 

Patient  Position 

The  patient  is  placed  on  the  operating  table  with  the  legs  in 
stirrups,  the  knees  slightly  bent  and  the  hips  flexed 
approximately  10°.  The  operating  table  is  tilted  head  up  by 
approximately  15°  (Figs  19. 2A  and  B).  Compression 
bandage  are  used  on  leg  during  the  operation  to  prevent 
thromboembolism.  The  surgeon  stands  between  the  patient's 
legs.  The  first  assistant,  whose  main  task  is  to  position  the 
video  camera,  sits  on  the  patient’s  left  side.  The  instrument 
trolley  is  placed  on  the  patient's  left  allowing  the  scrub  nurse 
to  assist  with  placing  the  appropriate  instruments  in  the 
operating  ports.  Television  monitors  are  positioned  on  either 
side  of  the  top  end  of  the  operating  table  at  a  suitable  height 
for  surgeon,  anesthetist,  and  assistant  to  see  the  procedure. 


Creation  of  Pneumoperitoneum 

•  Check  Veress  needle  before  insertion 

•  Check  Veress  needle  tip  spring 


Figs  19.2A  and  B:  Position  of  patient  for  laparoscopic  repair  of 
duodenal  perforation 
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•  Confirm  that  gas  connection  is  functioning 

•  Ensure  flushing  with  saline  (does  not  block  that  needle) 

•  Make  a  small  incision  just  above  the  umbilicus 

•  Lift  up  abdominal  wall  and  gently  insert  Veress  needle 
till  a  feeling  of  giving  way  and  two  click  sound 

•  Confirm  position  of  needle  by  saline  drop  tests 

•  Connect  C02  tube  to  needle  and  confirm  quadro- 
manometric  indicators 

•  Switch  off  gas  when  desired  pneumoperitoneum  is 
created  and  remove  the  Veress  needle. 

Port  Location 

Four  ports  are  then  inserted,  using  the  triangulation  concept, 
to  form  a  diamond-shape.  The  surgeon  usually  stands 
between  the  legs  of  patient.  A  10  mm  camera  port  is  placed 
in  the  umbilicus;  this  position  will  vary  according  to  the  build 
of  the  patient.  A  5  mm  port  is  inserted  in  the  right  upper 
quadrant  8  to  10  cm  from  the  midline.  A  5  mm  port  is  placed 
in  the  left  upper  quadrant  and  another  5  mm  port  is  placed 
in  the  right  subxiphoid  region  (Fig.  19.3). 

The  patient  is  placed  in  reverse  Trendelenburg’s  position, 
with  the  first  assistant  to  the  right  and  a  second  assistant  to 
the  left.  The  surgeon  thus  works  comfortably  with  two  hands, 
triangulated  with  the  cameras. 

Locating  the  Perforation 

The  gallbladder,  which  usually  adheres  to  the  perforation, 
is  retracted  by  the  surgeon’s  left  hand  and  moved  upwards. 
The  gallbladder  is  passed  to  the  assistant  using  the 
subxiphoid  port  which  is  placed  to  the  right  of  the  falciform 
ligament.  The  exposed  area  is  checked  and  the  perforation 
is  usually  clearly  identified  as  a  pinpoint  hole  on  the  anterior 
aspect  of  the  duodenum. 

Cleaning  the  Abdomen 

Whole  abdomen  should  be  irrigated  and  aspirated  with 
about  10  liters  of  saline  mixed  with  antibiotics.  Each 
quadrant  is  cleaned  methodically,  starting  at  the  right  upper 
quadrant,  going  to  the  left,  moving  down  to  the  left  lower 
quadrant,  and  then  finally  over  to  the  right.  Special  attention 
should  be  given  to  the  vesicorectal  pouch.  Fibrous 
membranes  are  removed  as  much  as  possible,  since  they 
might  contain  bacteria. 

Closure  of  the  Perforation  with  an 
Omental  Patch 

A  flappy  piece  of  omentum  flap  should  be  taken  and  the 
assistant  holds  the  omentum  patch  just  over  the  perforation 
using  both  the  hands  (Figs  19.4A  to  C).  Intracorporeal  knot 
together  with  omental  patch  should  be  applied  to  seal  the 


Fig.  19.3:  Port  position  for  laparoscopic  repair  of  duodenal 
perforation 


□ 


Figs  19.4A  to  C:  Closure  of  perforation  with  omental  patch 
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perforation.  The  perforation  is  closed  by  intracorporeal 
stitches  (simple  closure  by  3/0  vicryl  on  SKI  needle)  and  re¬ 
enforced  by  a  pedicle  omental  graft.  This  was  followed  by  a 
complete  lavage  of  the  peritoneal  cavity  with  an  ample 
amount  of  warm  physiological  saline.  Always  insert  the 
omental  patch  in  the  knot  rather  than  tail  of  the  knot  to  hold 
the  omentum  because  with  the  latter,  a  small  space  remains 
between  the  knots.  Do  not  use  extracorporeal  knotting 
because  this  exerts  tension  on  the  friable  tissue. 

Ending  of  the  Operation 

At  the  end  of  the  procedure  the  abdomen  should  be 
examined  for  any  possible  bowel  injury  or  hemorrhage.  The 
instruments  and  then  the  ports  should  be  removed. 
Telescope  should  be  removed  leaving  gas  valve  of  umbilical 
port  open  to  let  out  all  the  gas.  Closure  of  the  wound  is 
done  with  suture,  vicryl  for  rectus  and  unabsorbable 
intradermal  or  stapler  for  skin.  Adhesive  sterile  dressing  over 
the  wound  should  be  applied.  Patient  may  be  discharged 
2  days. 

Oral  intake  was  started  after  48  hours,  starting  with  clear 
fluids.  They  all  received  the  triple  therapy  regimen,  which 
consisted  of  Clarithromycin  and  Amoxicillin  for  10  days,  in 
addition  to  Omeprazole  for  14  days.  This  was  followed  by 
gastroduodenoscopy  after  2  months.  All  patients  were 
followed  on  an  outpatient  basis  for  6  months  and  40  (66%) 
of  them  for  up  to  2  years. 

DISCUSSION 

The  incidence  of  perforated  duodenal  perforation  remains 
the  same.  Operative  treatment  of  perforated  duodenal  ulcer 
consists  of  time  honored  practice  of  omental  patch  closure 
but  now  this  can  be  done  by  laparoscopic  method. 
Laparoscopic  approaches  to  closure  of  duodenal  perforation 
are  now  being  applied  widely  and  may  become  the  gold 
standard  in  the  future  especially  in  patient  with  <10  mm 
perforation  size  presented  within  the  first  24  hours  of  onset 
of  pain.  Perforated  duodenal  ulcer  is  a  surgical  emergency. 
Urgent  simple  closure  of  the  perforation  with  omental 
patching  is  widely  applied  for  the  vast  number  of  these 
patients,  the  general  consensus  is  to  perform  simple  closure 
alone  without  definite  procedures  especially  patients  with 
poor  surgical  risks  and  severe  peritonitis.  Various 
laparoscopic  techniques  have  been  advocated  for  closing 
the  perforation  intra-and  extracorporeal  knots,  sutureless 
techniques,  holding  the  omental  patch  by  fibrin  glue  or 
sealing  with  a  gelatin  sponge,  stapled  patch  closure,  or 
gastroscopically  aided  management  in  the  perforation.  Many 
surgeons  have  reported  patient  with  sealed  perforation  by 
peritoneal  lavage  and  drainage  only. 


Laparoscopic  Closure  of  Perforation  Offers 
Important  Advantages 

•  Decreased  postoperative  pain 

•  Less  abdominal  wall  complication 

•  Better  visualization  and  ability  to  carry  out  a  thorough 
peritoneal  lavage 

•  Cosmetically  better  outcome 

•  Lower  intraoperative  and  postoperative  complications 

•  Early  return  to  work 

•  Early  mobilization 

•  Lower  mortality 

•  It  is  as  safe  and  effective  as  open  surgery 

•  Patients  subjective  well  being  was  better  after 
laparoscopic  repair  of  perforated  DU. 

Laparoscopic  duodenal  ulcer  perforation  closure  was 

performed  in  thirty  patients.  The  interval  before  surgical 
intervention  from  the  onset  of  perforation  ranged  between 
20  and  36  hours.  Perforation  closure  with  Graham’s  patch 
omentoplasty  was  performed  in  all  cases.  In  three  patients, 
posterior  truncal  vagotomy  and  anterior  highly  selective 
vagotomy  was  combined  with  perforation  closure.  Oral  fluid 
was  permitted  in  second  POD  in  21  patients  and  others  on 
third  and  fourth  postoperative  day.  Postoperative  morbidity 
was  very  minimal.  Two  patients  had  trocar  site  infection. 
All  the  patients  were  discharged  between  5th  and  7th 
postoperative  day. 

Though  the  management  of  peptic  ulceration  has 
reduced  the  incidence  of  perforated  peptic  ulcer,  it  remains 
a  challenging  disease  for  the  surgeons  since  it  is  an 
emergency  procedure.  The  proper  management  of  this 
complication  of  peptic  ulcer  disease  has  generated  a  lot  of 
discussion,  laparoscopic  surgical  treatment  of  perforated 
peptic  ulcer  is  an  attractive  alternative  for  conventional 
treatment  because  of  the  absence  of  complications  as 
compared  to  conventional  surgery  for  patients  who  develop 
perforation  in  the  setting  of  H.  pylori  infection.  Eradication 
of  infection  may  prevent  ulcer  recurrence. 

Those  patients  who  tolerate  insult  and  whose  ulcer  was 
sealed  may  be  adopted  for  non-operative  therapy. 
However,  decision  of  non-operative  therapy  is  difficult  and 
can  be  done  only  after  evaluation  by  and  close  consultation 
with  an  experienced  surgeon.  If  non-operative  treatment 
is  chosen,  then  the  patient  require  frequent  clinical 
examinations  so  the  operative  therapy  can  be  done  at  the 
first  sign  of  clinical  deterioration.  A  variety  of  laparoscopic 
techniques  have  been  described.  A  combined  laparoscopic- 
endoscopic  method  described,  also  mini-laparoscopy  was 
described.  Intracorporeal  suturing  was  better  than 
extracorporeal  knotting  because  the  latter  one  is  liable  to 
cut.  The  choice  between  combining  definitive  treatment 
and  simple  closure  is  still  a  matter  of  controversy.  The 
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choice  depends  on  certain  factors  including  age,  fitness, 
and  status  of  peritoneal  cavity.  The  definitive  surgical 
procedure  of  choice  in  perforated  duodenal  ulcer  is  patch 
closure  and  highly  selective  vagotomy.  Although  this 
procedure  has  low  mortality  and  morbidity  it  is  technically 
demanding  and  requires  experienced  surgeon  to  ensure 
adequate  vagotomy. 

In  this  series,  30  cases  of  perforated  duodenal 
perforation,  three  were  treated  with  combined  definitive 
treatment.  Older  patients  with  septic  shock  and  generalized 
peritonitis  should  better  be  served  by  conventional  surgery. 
Open  conversion  may  be  required  especially  in  the  presence 
of  certain  high-risk  factors  as: 

•  Inadequate  ulcer  localization 

•  Posterior  location  of  gastric  ulcer 

•  Pancreatic  infiltration  (penetrating  ulcer) 

•  Localized  abscess  formation. 

It  been  shown  that  the  age,  presence  of  concomitant 
disease  and  length  of  free  air  or  fluid  collection  in  abdominal 
CT  scan  correlate  with  conversion  in  meta-analysis  of  13 
publication  comprising  658  patients  comparing  open  versus 
laparoscopic  closure  of  perforated  duodenal  perforation,  it 
was  found  that  postoperative  pain  was  lower  after 
laparoscopic  repair  than  open  repair  supported  by  significant 
reduction  in  postoperative  analgesic  requirement  after 
laparoscopy  repair  meta-analysis  demonstrated  a  significant 
reduction  in  wound  infection  after  laparoscopic  repair  as 
compared  with  open.  But,  a  significant  higher  re-operation 
rate  was  observed  after  laparoscopic  perforated  duodenal 
repair.  Laparoscopic  perforated  duodenal  repair  is  a  safe 
and  reliable  procedure  associated  with  short  operating  time, 
less  postoperative  pain,  reduced  chest  complication,  shorter 
postoperative  hospital  stay  and  earlier  returns  to  normal 
daily  activity  than  conventional  open  repair.  Operative  time 
is  also  shorter  and  morbidity  also  lowers,  in  laparoscopic 
repair  of  perforated  duodenal  perforation.  Also  low  mortality, 
better  cosmetic  outcome  with  laparoscopic  repair, 
postoperative  adhesions  and  incision  hernia  was  lower  in 
comparing  with  open  method.  Laparoscopic  repair  is  as  safe 
and  effective  as  open  repair.  The  patient’s  subjective  well¬ 
being  was  better  after  laparoscopic  repair.  Laparoscopy 
provides  better  vision  of  peritoneal  cavity,  and  allows  early 
mobilization. 

The  incidence  of  perforated  peptic  ulcer  disease  has 
decreased  nowadays  with  vast  improvement  in  medical 
therapy.  However,  minimal  invasive  surgery  still  has  a 
significant  role  to  play  in  treatment  of  complicated  disease. 
It  decreases  hospital  stay  and  overall  recovery  period  as 
compared  to  open  surgery  regardless  of  the  preference  of 
the  individual  surgeon.  Our  result  has  shown  that  the 
laparoscopic  surgery  may  become  the  gold  standard  for 
surgical  treatment  of  complicated  peptic  ulcer  disease. 


Laparoscopic  closure  of  duodenal  ulcer  perforation  is  an 
attractive  alternative  to  conventional  surgery  with  the  benefits 
of  minimally  invasive  surgery  such  as  parietal  wall  integrity, 
cosmetic  benefits  and  early  subjective  postoperative  comfort 
and  rehabilitation. 
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Chapter 


Laparoscopic  Fundoplication 


Gastroesophageal  reflux  disease  (GERD)  is  defined  as  the 
failure  of  the  antireflux  barrier,  allowing  abnormal  reflux  of 
gastric  contents  into  the  esophagus.  It  is  a  mechanical 
disorder  which  is  caused  by  a  defective  lower  esophageal 
sphincter,  a  gastric  emptying  disorder  or  failed  esophageal 
peristalsis.  Gastroesophageal  reflux  is  one  of  the  most 
common  digestive  symptoms.  Exposure  of  the  esophageal 
mucosa  to  acid,  enzymes  and  other  digestive  secretions, 
leads  to  acute  and  chronic  inflammation,  with  pain,  and 
ulceration  or  stricture  formation  if  untreated. 

Heartburn  occurs  in  5  to  45  percent  of  adults  in  western 
countries,  depending  on  the  frequency  of  symptoms  30  to 
45  percent  suffer  from  symptoms  once  a  month  and  5  to  10 
percent  every  day.  The  majority  of  patients  suffering  from 
GERD  experience  minor  symptoms  for  which  they  do  not 
seek  medical  attention.  Age  does  not  seem  to  have  an  impact 
on  the  frequency  of  GERD  symptoms,  and  no  causal  factor 
has  been  identified.  Esophagitis  due  to  reflux  occurs  in 
approximately  2  percent  of  the  global  population.  It  is  the 
most  frequent  form  of  lesion  detected  on  upper 
gastrointestinal  endoscopy,  occurring  more  frequently  than 
gastric  ulcers  or  duodenal  ulcers.  GERD  is  often  a  chronic 
ailment.  After  a  5  to  10  years  follow-up,  about  two-thirds  of 
patients  complain  of  persistent  symptoms  requiring 
occasional  or  continuous  treatment. 

PATHOPHYSIOLOGY 

The  pathophysiology  of  GERD  is  multifactorial,  although  it 
is  usually  due  to  the  weakening  of  the  anatomical  or 
functional  gastroesophageal  barrier  located  at  the 
esophagogastric  junction.  Injury  to  the  esophageal  mucosa 
by  acid-peptic  gastric  secretions,  while  secondary  to  this 
weakening,  plays  a  major  role  in  the  development  of  GERD 
symptoms  and  lesions.  In  fact,  suppressing  the  gastric  acid 


secretion,  which  is  the  usual  treatment  of  this  ailment,  leads 
to  the  disappearance  of  symptoms  and  healing  of  lesions  in 
almost  all  cases.  GERD  is,  therefore  acid  dependent. 

Symptoms 

•  Heartburn  (Retrosternal  burning) 

•  Regurgitation 

•  Pain 

•  Respiratory  symptoms. 

Diagnostic  Test 

•  Endoscopy 

•  Barium  swallow 

•  Esophageal  transit  +/-  manometry 

•  pH  monitoring. 

Treatment  of  GERD 

Medical  therapy  is  the  first  line  of  management.  Esophagitis 
will  heal  in  approximately  90  percent  of  cases  with  intensive 
medical  therapy.  However,  symptoms  recur  in  more  than 
80  percent  of  cases  within  one  year  of  drug  withdrawal.  Since 
it  is  a  chronic  condition,  medical  therapy  involving  acid 
suppression  and/or  promotility  agents  may  be  required  for 
the  rest  of  patient’s  life.  Despite  the  fact  that  current  medical 
management  is  very  effective  for  the  majority,  a  small 
number  of  patients  do  not  get  complete  relief  of  symptoms. 
Currently,  there  is  increasing  interest  in  the  surgical 
management  of  gastroesophageal  reflux  disease  (GERD). 

The  goal  of  surgical  therapy  is  to  recreate  an  antireflux 
barrier.  It  is  the  only  treatment  capable  of  changing  the 
natural  history  of  GERD.  There  has  been  renewed  interest 
in  this  therapy  with  the  advent  of  laparoscopic  surgery. 
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Indications  for  Surgical  Treatment 

Currently,  there  is  increasing  interest  in  the  surgical 
management  of  gastroesophageal  reflux  disease  (GERD). 
There  are  a  number  of  reasons  for  this.  Despite  the  fact  that 
current  medical  management  is  very  effective  for  the  majority 
a  small  number  of  patients  do  not  get  complete  relief  of 
symptoms.  Secondly,  some  patients,  particularly  those  who 
are  in  their  twenties  or  thirties,  face  the  prospect  of  a  lifetime 
of  continuous  proton  pump  inhibitor  therapy  with  the 
possible  risk  of,  as  yet,  unknown  side  effects.  In  addition, 
the  laparoscopic  approach  with  its  benefits  of  reduced 
operative  trauma  and  less  time  off  work  has  become  more 
common  place.  As  a  consequence,  general  practitioners  and 
gastroenterologists  are  more  ready  to  refer  patients  with 
disabling  symptoms  for  surgical  treatment.  The  gold  standard 
antireflux  operation  is  undoubtedly  the  Nissen  type  of  total 
fundoplication  and  many  studies  have  affirmed  its 
effectiveness  in  controlling  acid  reflux.  However,  new 
symptoms  after  fundoplication  such  as  gas  bloat  and 
dysphagia,  which  probably  result  from  a  hyper-competent 
lower  esophageal  sphincter  produced  by  the  Nissen 
operation,  are  common. 

Concerning  the  indication  for  surgery,  a  distinction 
between  heartburn  and  regurgitation  symptoms  is 
considered  important  (medical  treatment  appears  to  be  more 
effective  for  heartburn  than  for  regurgitation).  Even  after 
successful  medical  acid  suppression,  the  patient  can  have 
recurrent  symptoms  of  epigastric  pain  and  retrosternal 
pressure  as  well  as  food  regurgitation  due  to  an  incompetent 
cardia,  insufficient  peristalsis,  or  a  large  hiatal  hernia. 

Surgical  therapy  should  be  considered  in  individuals  with 
documented  GERD  who: 

•  Refractory  to  medical  management 

•  Associated  with  hiatus  hernia 

•  Intolerance  to  PPH  or  H2  receptors 

•  Not  compliant  to  medical  therapy 

•  Have  complications  of  GERD,  e.g.  Barrett’s  esophagus, 
stricture,  grade  3  or  4  esophagitis 

•  Atypical  symptoms  like:  Asthma,  hoarseness,  cough, 
chest  pain  and  aspiration. 

Study  has  shown  those  patients  resistant  to  antisecretory 
treatment  are  not  a  good  candidate  for  antireflux  surgery. 


of  the  esophagus  and  main  portion  of  the  stomach  is 
wrapped  around  the  back  of  the  esophagus  until  it  is  once 
again  in  front  of  this  structure.  The  portion  of  the  fundus 
that  is  now  on  the  right  side  of  the  esophagus  is  sutured  to 
the  portion  on  the  left  side  to  keep  the  wrap  in  place.  The 
fundoplication  resembles  a  buttoned  shirt  collar.  The  collar 
is  the  fundus  wrap  and  the  neck  represents  the  esophagus 
imbricated  into  the  wrap.  This  has  the  effect  of  creating  a 
one  way  valve  in  the  esophagus  to  allow  food  to  pass  into 
the  stomach,  but  prevent  stomach  acid  from  flowing  into 
the  esophagus  and  thus  prevent  GERD. 

Laparoscopic  fundoplication  is  a  useful  method  for 
reducing  hospital  stay,  complications  and  return  to  normal 
activity. 

Types  of  Fundoplication  Surgery 

Laparoscopic  fundoplication  has  become  the  standard 
surgical  method  of  treating  gastroesophageal  reflux  disease. 
Although  Nissen  total  fundoplication  is  the  most  commonly 
performed  procedure,  partial  fundoplication,  either  anterior 
or  posterior,  is  becoming  more  acceptable  because  of  a 
suggested  lower  risk  of  long-term  side  effects  (Fig.  20.1). 

The  360°  Nissen  fundoplication  (NF)  has  been  the 
standard  operation  for  gastroesophageal  reflux,  but  is 
associated  with  substantial  rates  of,  “gas  bloat,”  gagging  and 
dysphasia  (Fig.  20.2). 

Toupet  fundoplication  (TF),  a  270°  posterior  wrap,  has 
fewer  complications,  and  its  outcome  in  compared  with 
Nissen  fundoplication  is  favorable  both  in  children  as  well 
as  adults  (Fig.  20.3). 

Although  Nissen  total  fundoplication  is  the  most 
commonly  performed  procedure,  partial  fundoplication, 
either  anterior  or  posterior,  is  becoming  more  acceptable 
because  of  lower  risk  of  long-term  complication.  Dor  in  1962 


Indications  of  Fundoplication 

Symptomatic  GERD 


Endoscopy-barium  swallow-esophageal  manometry-{pH  monitoring) 


Hypotonic-normotonic  LES 
Normal  esophageal  length 
Normal  esophageal  motility 


Nissen  fundoplication 


Methods  of  Fundoplication 

•  The  classical  open  methods 

•  The  modern  laparoscopic  techniques. 

Laparoscopic  fundoplication  is  a  safe  procedure,  and  can 

provide  less  postoperative  morbidity  in  experienced  hands. 
This  is  a  surgical  procedure  done  for  gastroesophageal  reflux 
disease  (GERD).  Fundus  of  the  stomach  which  is  on  the  left 


Hypotonic  LES 
Normal  esophageal  length 
Poor  esophageal  motility 


Hypotonic  LES 
Short  esophagus 


^  Partial  fundoplication 


Col  It's  gastroplasty 
Partial  fundoplication 
Nissen  fundoplication 
Thoracic  approach 
(Belsey-Nissen) 


Fig.  20.1 :  Selection  of  type  of  fundoplication 
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Fig.  20.3:  Toupet  fundoplication  (TF),  a  270°  wrap 

described  anterior  fundoplication  as  an  antireflux  operation 
for  patients  who  had  a  Heller’s  myotomy  for  achalasia.  In 
the  1970s,  Watson  developed  an  operation  for  patient 
suffering  from  GERD. 

Most  surgeon  believe  that  the  Toupet  fundoplication 
(TF),  a  270°  posterior  wrap  originally  described  in 
conjunction  with  myotomy  for  achalasia,  has  fewer 
complications,  and  its  long-term  outcome  in  compared  with 
Nissen  fundoplication  is  favorable  both  in  children  as  well 
as  adults.  This  article  describes  a  technique  of  laparoscopic 
posterior  Toupet  fundoplication. 

The  main  tasks  of  this  operation  consist  of: 

•  Preparation  of  the  patient 

•  Creation  of  pneumoperitoneum.  Insertion  of  port 


•  Diagnostic  laparoscopy  and  dissection  of  visceral 
peritoneum 

•  Mobilization  of  5  cm  intra-abdominal  esophagus 

•  Fundus  pull  from  below  the  esophagus 

•  Insertion  of  posterior  sutures  to  tighten  the  crural  opening 

•  Fixation  of  fundus  to  the  left  crura 

•  Fixation  of  the  fundus  with  the  right  crura 

•  Fixation  of  the  fundus  with  esophagus.  Inspection  of 
tightness  of  fundoplication 

•  Irrigation  and  suction  of  operating  field 

•  Final  diagnostic  laparoscopy  for  any  bowel  injury  or 
hemorrhage 

•  Removal  of  the  instrument  with  complete  exit  of  C02. 
Closure  of  wound. 

Patient  Selection 

Many  patients  have  symptoms  palliated  by  lifestyle  like  diet 
and  exercise,  others  by  simple  medication,  and  some  by 
strong  medication  like,  proton  pump  inhibitors.  A  certain 
proportion  of  patient  has  refractory  or  long-term  symptoms, 
and  operation  can  be  considered  in  this  group  of  patients. 
As  reflux  symptoms  are  frequent  and  variable,  it  is  wise  to 
obtain  both  ambulatory  24  pH-metry  and  esophageal 
motility  studies  prior  to  surgery.  Upper  GI  endoscopies 
should  be  performed  in  all  patients. 

OPERATIVE  TECHNIQUE 

Patient  Position 

The  patient  is  placed  on  the  operating  table  with  the  legs  in 
stirrups,  the  knees  slightly  bent  and  the  hips  flexed 
approximately  10°.  The  operating  table  is  tilted  head  up  by 
approximately  15° .  Compression  bandage  are  used  on  leg 
during  the  operation  to  prevent  thromboembolism.  The 
surgeon  stands  between  the  patient’s  legs.  The  first  assistant, 
whose  main  task  is  to  position  the  video  camera,  sits  on  the 
surgeon  left  side.  The  instrument  trolley  is  placed  on  the 
patient’s  left  allowing  the  scrub  nurse  to  assist  with  placing 
the  appropriate  instruments  in  the  operating  ports. 

Television  monitors  are  positioned  on  either  side  of  the 
top  end  of  the  operating  table  at  a  suitable  height  for  surgeon, 
anesthetist  and  assistant  to  see  the  procedure. 

Port  Position 

The  10  mm  camera  (port  1)  is  placed  in  the  midline 
approximately  5  cm  above  the  umbilicus;  this  position  will 
vary  depending  on  the  build  of  the  patient  (Fig.  20.4).  After 
inserting  the  camera,  a  5  mm  port  (2)  is  inserted  in  the  right 
upper  quadrant  8  to  10  cm  from  the  midline.  A  port  (3),  with 
a  variable  5  to  10  mm  diaphragm,  is  placed  in  the  left  upper 
quadrant — a  mirror  image  of  the  one  on  the  patient’s  right. 
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This  allows  both  5  mm  and  10  mm  instruments  to  be  used 
through  the  same  cannula  without  changing  ports.  A  further 
5  mm  port  (4)  is  positioned  in  the  left  anterior  axillary  line 
immediately  below  the  costal  margin.  This  port  is  mainly  used 
for  a  forceps  which  will  hold  the  tape  encircling  the  esophagus 
(Fig.  20.5).  Liver  retraction  used  to  be  one  of  the  more 
problematic  aspects  of  laparoscopic  fundoplication.  In  our 
experience  these  difficulties  have  been  largely  overcome  by 
the  use  of  the  Nathanson  liver  retractor.  Alternate  port  position 
in  laparoscopic  fundoplication  show  in  (Figs  20. 6A  and  B). 

PROCEDURE 

Tissue  Dissection  and  Mobilization 

Dissection  starts  at  the  avascular  portion  of  the  lesser 
omentum  above  the  hepatic  branch  of  the  vagus.  The 
dissection  is  continued  carefully  up  to  the  hiatus,  which  can 
be  seen  through  the  defect  created.  An  opening  is  created 
in  the  lesser  omentum,  above  the  hepatic  branch  of  vagus 
to  allow  better  access  to  the  hiatus  (Figs  20. 7A  to  D). 

The  right  crus  is  dissected  using  electrosurgery  and 
scissors  to  identify  the  plane  between  the  crus  and 
surrounding  loose  areolar  tissues.  The  loose  areolar  tissue 
around  the  esophagus  is  exposed  and  secures  the  bleeding 
from  any  blood  vessels  visible  during  mobilization  of 
esophagus.  Always  remember  not  to  injure  the  esophageal 
wall  and  vagal  fibers  when  dissecting  this  area  around 
esophagus.  The  space  between  the  hiatus  and  the  anterior 
aspect  of  esophagus  is  developed  using  fine  dissection  by 
scissors  to  divide  blood  vessels  crossing  this  space. 

Lesser  Sac  Opened 

The  posterior  aspect  of  the  left  crus  is  identified  as  it  meets 
the  right  crus  and  dissection  of  its  surface  commences 


Fig.  20.5:  Port  position  in  fundoplication 


Figs  20.6A  and  B:  Alternative  port  position  in  laparoscopic  fundoplication 


Chapter  20:  Laparoscopic  Fundoplication 


255 


especially  the  peritoneal  covering  over  the  margin  of  right 
crus  is  dissected  down  to  the  fundus  from  the  diaphragm 
known  as  Rosetti  dissection  technique.  Dissection  of  the 
posterior  aspect  of  the  left  crus  is  done  by  lifting  the  intra¬ 
abdominal  esophagus  forwards  with  a  blunt  instrument.  A 
sling  is  fed  into  the  jaws  of  the  grasping  forceps  and  then 
pulled  round  behind  the  esophagus  (Fig.  20.8). 

Sling  is  passed  through  a  separate  punctured  wound  from 
abdominal  wall  without  port.  A  grasping  forceps  is  inserted 
through  one  of  the  port  to  hold  the  sling  so  that  the  esophagus 
can  be  manipulated.  Dissection  surroundings  of  esophagus  in 
the  posterior  mediastinum  should  for  approximately  5  to  6  cm. 
Mobilization  of  the  esophagus  and  stomach  should  be  sufficient 
enough  to  have  a  good  floppy  fundus  for  wrap  (Figs  20.9A  to  F) . 
•  The  next  step  is  to  pull  the  fundus  from  behind  the 
esophagus  to  form  a  wrap. 

Fundus  Pull 

After  mobilizing  the  fundus  nicely  the  tip  of  the  fundus  is 
pulled  by  one  of  the  grasper  introduced  through  below  and 
right  side  of  the  esophagus  (Figs  20.10  and  20.11). 


Fig.  20.8:  Sling  insertion 


The  mobilization  of  stomach  should  be  adequate  to  give 
a  floppy  fundus  for  plication  otherwise  patient  may  develop 
dysphagia.  One  stay  suture  may  be  applied  to  the  fundus  to 
hold  it  in  place  or  one  of  the  grasper  may  be  used  to  keep  it 
pulled.  The  next  step  is  crural  repair. 
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Figs  20.9A  to  F:  Sling  application 


Crural  Approximation 

Crura  should  be  approximated  behind  the  esophagus  using 
two  or  three  sutures  of  2/0  braided  polyamide  on  a  30  mm 
needle  using  Tumble  Square  Knot.  A  further  one  or  two 
sutures  are  inserted  in  the  same  way,  at  about  1  cm  intervals 
and  tied  using  Tumble  square  knot.  It  is  important  not  to 


esophagus  for  proper  exposure  of  crura 


make  the  crural  opening  too  tight  since  this  will  produce 
dysphagia  (Figs  20.12A  and  B). 

Fundoplication 

Suture  is  applied  which  involves  a  1  cm  bite  of  the 
seromuscular  layer  of  gastric  fundus,  which  is  sutured  to  the 
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Fig.  20.10:  Mobilized  fundus  of  stomach  is  pulled  from  behind  the 
esophagus 


anterior  aspect  of  the  left  crus.  Since  the  fundus  lays  some 
way  from  the  left  crus,  the  slip  reef  knot  or  Tumble  square 
knot  is  particularly  valuable  for  this  suture.  After  this,  a  further 
suture  is  placed  between  the  fundus  and  the  left  anterior  aspect 
of  the  hiatus.  The  next  suture  is  placed  between  the  fundus 
and  the  right  anterior  aspect  of  the  hiatus  (Figs  20.13A  to  C). 

Further  three  sutures  are  then  positioned  at 
approximately  1  cm  intervals  to  the  posterior  fundus  and 
the  right  crus.  The  sling  used  for  esophageal  retraction  is 
removed.  One  or  two  suture  may  be  placed  to  fix  the  side  of 
the  esophagus  with  the  wrapped  portion  of  the  stomach  (Figs 
20.14A  and  B).  But  always  remember  the  wrap  is  not  in 
place  due  to  these  sutures.  The  suture  of  fundus  with  crura 
actually  holds  the  wrap  in  position.  Never  take  a  full  thickness 
bite  on  the  esophagus  with  Endoski  needle  otherwise  there 
is  always  a  chance  of  perforation  of  esophagus. 


Figs  20.1 1 A  and  B:  Fundus  of  stomach  is  pulled  from  behind  the  esophagus 


Figs  20.1 2A  and  B:  Approximation  of  crura 
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Ending  of  the  Operation 

Abdomen  should  be  examined  for  any  possible  bowel  injury 
or  hemorrhage.  The  instrument  and  then  port  should  be 
removed  carefully.  Remove  telescope  leaving  gas  valve  of 


umbilical  port  open  to  let  out  all  the  gas.  Close  the  wound 
with  suture.  Use  vicryl  for  rectus  and  unabsorbable 
intradermal  or  stapler  for  skin.  Apply  adhesive  sterile  dressing 
over  the  wound. 


Figs  20.1 3A  to  C:  Fixation  of  wrap  by  intracorporeal  sutures 


Figs  20.1 4A  and  B:  Fixation  of  fundus  with  esophagus 
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Patient  may  be  discharged  2  days  after  operation  if  every 
thing  goes  well.  The  patient  may  have  slight  dysphagia 
initially  but  usually  resolves  after  6  weeks.  The  patient  having 
any  complain  of  dysphagia  should  be  examined 
endoscopically  after  3  to  4  weeks  of  operation. 

BIBLIOGRAPHY 

1 .  Akinola  E,  Rosenkrantz  TS,  Pappagallo  M,  McKay  K,  Hussain 
N.  Gastroesophageal  reflux  in  infants  <32  weeks  gestational 
age  at  birth:  lack  of  relationship  to  chronic  lung  disease.  Am 
J  Perinatol.  2004;21:57-62. 

2.  Anvari  M,  Bamehriz  F.  Outcome  of  laparoscopic  Nissen 
fundoplication  in  patients  with  body  mass  index  e”  35.  Surg 
Endosc.  2006;20:230-4. 

3.  Augood  C,  MacLennan  S,  Gilbert  R,  Logan  S.  Cisapride 
treatment  for  gastroesophageal  reflux  in  children.  Cochrane 
Database  Syst  Rev.  2003;CD002300. 

4.  Boyce  PM,  Talley  NJ,  Burke  C,  Koloski  NA.  Epidemiology  of 
the  functional  gastrointestinal  disorders  diagnosed  according 
to  Rome  II  criteria:  an  Australian  population-based  study.  Int 
Med  J.  2006;36:28-36. 

5.  Bredenoord  AJ,  Weusten  BL,  Smout  AJ.  Symptom 
association  analysis  in  ambulatory  gastroesophageal  reflux 
monitoring.  Gut.  2005;54:1810-7. 

6.  Cameron  BH,  Blair  GK,  Murphy  JJ  III,  Fraser  GC.  Morbidity 
in  neurologically  impaired  children  after  percutaneous 
endoscopic  versus  Stamm  gastrostomy.  Gastrointest  Endosc. 
1995;42:41-4. 

7.  Cezard  JP.  Managing  gastroesophageal  reflux  disease  in 
children.  Digestion.  2004;69(l):3-8. 

8.  Chicella  MF,  Batres  LA,  Heesters  MS,  Dice  JE.  Prokinetic 
drug  therapy  in  children:  a  review  of  current  options.  Ann 
Pharmacother.  2005;39:706-11. 

9.  Chitkara  DK,  Fortunato  C,  Nurko  S.  Esophageal  motor  activity 
in  children  with  gastroesophageal  reflux  disease  and 
esophagitis.  J  Pediatr  Gastroenterol  Nutr.  2005;40:70-5. 

10.  Chung  DH,  Georgeson  KE.  Fundoplication  and  gastrostomy. 
Semin  Pediatr  Surg.  1998;7:213-9. 

11.  Colletti  RB,  Di  Lorenzo  C.  Overview  of  pediatric 
gastroesophageal  reflux  disease  and  proton  pump  inhibitor 
therapy.  J  Pediatr  Gastroenterol  Nutr.  2003;37(1):S7-S11. 

12.  Costantini  M,  Crookes  PF,  Bremner  RM,  Hoeft  SF,  Ehsan  A, 
Peters  JH,  Bremner  CG,  DeMeester  TR.  Value  of  physiologic 
assessment  of  foregut  symptoms  in  a  surgical  practice. 
Surgery.  1993;114:780-6. 

13.  Craig  WR,  Hanlon-Dearman  A,  Sinclair  C,  Taback  S,  Moffatt 
M.  Metoclopramide,  thickened  feedings,  and  positioning  for 
gastroesophageal  reflux  in  children  under  two  years. 
Cochrane  Database  Syst  Rev.  2004;CD003502. 

14.  Curry  JI,  Lander  TD,  Stringer  MD.  Review  article: 
erythromycin  as  a  prokinetic  agent  in  infants  and  children. 
Aliment  Pharmacol  Ther.  2001;15:595-603. 


15.  D’Alessio  MJ,  Arnaoutakis  D,  Giarelli  N,  Villadolid  DV, 
Rosemurgy  AS.  Obesity  is  not  a  contraindication  to  laparoscopic 
fundoplication.  J  Gastrointest  Surg.  2005;9:949-54. 

16.  Davidson  GP,  Omari  TI.  Pathophysiological  mechanisms  of 
gastroesophageal  reflux  disease  in  children.  Curr 
Gastroenterol  Rep.  2001;3:257-62. 

17.  Esposito  C,  Langer  JC,  Schaarschmidt  K,  Mattioli  G,  Sauer 
C,  Centonze  A,  Cigliano  B,  Settimi  A,  Jasonni  V. 
Laparoscopic  antireflux  procedures  in  the  management  of 
gastroesophageal  reflux  following  esophageal  atresia  repair. 
J  Pediatr  Gastroenterol  Nutr.  2005;40:349-51. 

18.  Eubanks  TR,  Omelanczuk  P,  Richards  C,  Pohl  D,  Pellegrini 
CA.  Outcomes  of  laparoscopic  antireflux  procedures.  Am  J 
Surg.  2000;179:391-5. 

19.  Farrell  TM,  Richardson  WS,  Halkar  R,  Lyon  CP,  Galloway 
KD,  Waring  JP,  Smith  CD,  Hunter  JG.  Nissen  fundoplication 
improves  gastric  motility  in  patients  with  delayed  gastric 
emptying.  Surg  Endosc.  2001;15:271-4. 

20.  Franco  MT,  Salvia  G,  Terrin  G,  Spadaro  R,  De  Rosa  I,  Iula 
VD,  Cucchiara  S.  Lansoprazole  in  the  treatment  of 
gastroesophageal  reflux  disease  in  childhood.  Dig  Liver  Dis. 
2000;32:660-6. 

21 .  Fraser  J,  Watson  DI,  O’ Boyle  CJ,  Jamieson  GG.  Obesity  and 
its  effect  on  outcome  of  laparoscopic  Nissen  fundoplication. 
Dis  Esophagus.  2001;14:50-3. 

22.  Galvani  C,  Fisichella  PM,  Gorodner  MV,  Perretta  S,  Patti  MG. 
Symptoms  are  a  poor  indicator  of  reflux  status  after 
fundoplication  for  gastroesophageal  reflux  disease.  Arch  Surg. 
2003;138:514-9. 

23.  Georgeson  K.  Personal  experience  with  laparoscopic 
fundoplication  in  children.  Elsevier,  Birmingham,  AL.  (2005). 

24.  Georgeson  KE.  Laparoscopic  fundoplication  and 
gastrostomy.  Semin  Laparosc  Surg.  1998;5:25-30. 

25.  Gilger  MA,  Yeh  C,  Chiang  J,  Dietrich  C,  Brandt  ML,  El-Serag 
HB.  Outcomes  of  surgical  fundoplication  in  children.  Clin 
Gastroenterol  Hepatol.  2004;2:978-84. 

26.  Gold  BD.  Outcomes  of  pediatric  gastroesophageal  reflux 
disease:  in  the  first  year  of  life,  in  childhood,  and  in  adults 
...  oh,  and  should  we  really  leave  Helicobacter  pylori  alone? 
J  Pediatr  Gastroenterol  Nutr.  2003;37(1):S33-S39. 

27.  Gregersen  H,  Drewes  AM.  Functional  findings  in  irritable 
bowel  syndrome.  World  J  Gastroenterol.  2006;12:2830-8. 

28.  Gwee  K,  Chua  ASB.  Functional  dyspepsia  and  irritable  bowel 
syndrome,  are  they  different  entities  and  does  it  matter?  World 
J  Gastroenterol.  2006;12:2708-12. 

29.  Hassall  E.  Wrap  session:  is  the  Nissen  slipping?  Can  medical 
treatment  replace  surgery  for  severe  gastroesophageal  reflux 
disease  in  children?  Am  J  Gastroenterol.  1995;90:1212-20. 

30.  Hassall  E.  Decisions  in  diagnosing  and  managing  chronic 
gastroesophageal  reflux  disease  in  children.  J  Pediatr. 
2005;146:S3-S12. 

31.  Hatch  KF,  Daily  MF,  Christensen  BJ,  Glasgow  RE.  Failed 
fundoplications.  Am  J  Surg.  2004;188:786-91. 


260 


Section  2:  Laparoscopic  General  Surgical  Procedures 


32 .  Jamieson  GG ,  Duranceau  A.  What  is  a  Nissen  fundoplication? 
Surgery.  1984;159:591-3. 

33 .  Jamieson  JR,  Stein  H J,  DeMeester  TR,  Bonavina  L,  Schwizer 
W,  Hinder  RA,  Albertucci  M.  Ambulatory  24-h  esophageal 
pH  monitoring:  normal  values,  optimal  thresholds,  specificity, 
sensitivity,  and  reproducibility.  Am  J  Gastroenterol. 
1992;87:1102-11. 

34.  Jesch  NK,  Schmidt  AI,  Strassburg  A,  Gluer  S,  UreBM. 
Laparoscopic  fundoplication  in  neurologically  impaired 
children  with  percutaneous  endoscopic  gastrostomy.  Eur  J 
Fediatr  Surg.  2004;14:89-92. 

35.  Jones  R,  Canal  DF,  Inman  MM,  Rescorla  FJ.  Laparoscopic 
fundoplication:  a  three-year  review.  Am  Surg.  1996;62:632-6. 

36.  Khajanchee  YS,  O’Rourke  RW,  Lockhart  B,  Patterson  EJ, 
Hansen  PD,  Swanstrom  LL.  Postoperative  symptoms 
and  failure  after  antireflux  surgery.  Arch  Surg.  2002; 
137:1008-14. 

37.  Klauser  AG,  Schindlbeck  NE,  Muller- Lissner  SA.  Symptoms 
in  gastroesophageal  reflux  disease.  Lancet.  1990;335: 
205-8. 

38.  Langer  JC.  The  failed  fundoplication.  Semin  Pediatr  Surg. 
2003;12:110-17. 

39.  Lindquist  SG,  Kirchhoff  M,  Lundsteen  C,  Pedersen  W, 
Erichsen  G,  Kristensen  K,  Lillquist  K,  Smedegaard  HH,  Skov 
L,  Tommerup  N,  Brondum-Nielsen  K.  Further  delineation  of 
the  22ql3  deletion  syndrome.  Clin  Dysmorphol.  2005;  14: 
55-60. 

40.  Liu  DC,  Somme  S,  Mavrelis  PG,  Hurwich  D,  Statter  MB, 
Teitelbaum  DH,  Zimmermann  BT,  Jackson  CC,  Dye  C.  Stretta 
as  the  initial  antireflux  procedure  in  children.  J  Pediatr  Surg. 
2005;40:148-151;  discussion  151-142. 

41.  Lord  RVN,  Kaminski  A,  Oberg  S,  Bowrey  DJ,  Hagen  JA, 
DeMeester  SR,  Sillin  LF,  Peters  JH,  Crookes  PF,  DeMeester 
TR.  Absence  of  gastroesophageal  reflux  disease  in  a  majority 
of  patients  taking  acid  suppression  medications  after  Nissen 
fundoplication.  J  Gastrointest  Surg.  2002;6:3-10. 

42.  Ludemann  R,  Watson  DI,  Jamieson  GG,  et  al.  Five-year 
follow-up  of  a  randomized  clinical  trial  of  laparoscopic  total 
versus  anterior  180°  fundoplication.  Br  J  Surgery.  2005; 
92:240-3. 

43.  Madan  A,  Minocha  A.  Despite  high  satisfaction,  majority  of 
gastroesophageal  reflux  disease  patients  continue  to  use 
proton  pump  inhibitors  after  antireflux  surgery.  Aliment 
Pharmacol  Ther.  2006;23:601-5. 

44.  Maddern  GJ.  The  reproducibility  of  esophageal  manometry. 
Dis  Esophagus.  1991;4:95-9. 

45.  Mattioli  G,  Sacco  O,  Repetto  P,  Pini  Prato  A,  Castagnetti  M, 
Carlini  C,  Torre  M,  Leggio  S,  Gentilino  V,  Martino  F, 
Fregonese  B,  Barabino  A,  Gandullia  P,  Rossi  GA,  Jasonni  V. 
Necessity  for  surgery  in  children  with  gastroesophageal  reflux 
and  supraesophageal  symptoms.  Eur  J  Pediatr  Surg. 
2004;14:7-13. 


46.  Ollyo  JB,  Lang  F,  Fontolle  CH,  et  al.  Savary’s  new  endoscopic 
grading  of  reflux  esophagitis:  a  simple,  reproducible,  logical, 
complete  and  useful  classification.  Gastroenterology. 
1990;89:A100. 

47.  Papasavas  PK,  Keenan  RJ,  Yeaney  WW,  Caushaj  PF,  Gagne 
DJ,  Landreneau  RJ.  Effectiveness  of  laparoscopic 
fundoplication  in  relieving  the  symptoms  of  gastroesophageal 
reflux  disease  (GERD)  and  eliminating  antireflux  medical 
therapy.  Surg  Endosc.  2003;17:1200-5. 

48.  Patterson  EJ,  Davis  DG,  Khajanchee  Y,  Swanstrom  LL. 
Comparison  of  objective  outcomes  following  laparoscopic 
Nissen  fundoplication  versus  laparoscopic  gastric  bypass  in 
the  morbidly  obese  with  heartburn.  Surg  Endosc. 
2003;17:1561-5. 

49.  Post  JC,  Ze  F,  Ehrlich  GD.  Genetics  of  pediatric 
gastroesophageal  reflux.  Curr  Opin  Allergy  Clin  Immunol. 
2005;5:5-9. 

50.  Quigley  EMM.  Changing  face  of  irritable  bowel  syndrome. 
World  J  Gastroenterol.  2006;12:1-5. 

51.  Ravelli  AM,  Milla  PJ.  Vomiting  and  gastroesophageal  motor 
activity  in  children  with  disorders  of  the  central  nervous 
system.  J  Pediatr  Gastroenterol  Nutr.  1998;26:56-63. 

52.  Rothenberg  SS.  The  first  decade’s  experience  with 
laparoscopic  Nissen  fundoplication  in  infants  and  children. 
J  Pediatr  Surg.  2005;40:142-146;  discussion  147. 

53.  Rothenberg  SS.  Laproscopic  redo  Nissen  fundoplication  in 
infants  and  children.  Surg  Endosc.  2006;20(  10):  1518-20. 

54.  Rudolph  CD.  Supraesophageal  complications  of 
gastroesophageal  reflux  in  children:  challenges  in  diagnosis 
and  treatment.  Am  J  Med.  2003;115(Suppl  3A):150S-6S. 

55.  Schier  F.  Indications  for  laparoscopic  antireflux  procedures 
in  children.  Semin  Laparosc  Surg.  2002;9:139-45. 

56.  Shay  S,  Tutuian  R,  Sifrim  D,  Vela  M,  Wise  J,  Balaji  N,  Zhang 
X,  Adhami  T,  Murray  J,  Peters  J,  Castell  D.  Twenty-four  hour 
ambulatory  simultaneous  impedance  and  pH  monitoring:  a 
multicenter  report  of  normal  values  from  60  healthy 
volunteers.  Am  J  Gastroenterol.  2004;99(6):  1037-43. 

57.  Smith  CD,  McClusky  DA,  Rajad  MA,  Lederman  AB,  Hunter 
JG.  When  fundoplication  fails:  redo?  Ann  Surg. 
2005;241:861-71. 

58.  Spechler  SJ,  Lee  E,  Ahnen  D,  Goyal  RK,  Hirano  I,  Ramirez 
F,  Raufman  JP,  Sampliner  R,  Schnell  T,  Sontag  S,  Vlahcevic 
ZR,  Young  R,  Williford  W.  Long-term  outcome  of  medical 
and  surgical  therapies  for  astroesophageal  reflux  disease: 
follow-up  of  a  randomized  controlled  trial.  JAMA. 
2001;285(18):2331-8. 

59.  Spechler  SJ.  The  management  of  patients  who  have  “failed” 
antireflux  surgery.  Am  J  Gastroenterol.  2004;99:552-61. 

60.  Spence  GM, Watson  DI,  Jamieson  GG,  Lally  CJ,  Devitt  PG. 
Single  center  prospective  randomized  trial  of  laparoscopic 
Nissen  versus  anterior  90°  fundoplication.  J  Gastrointest  Surg. 
2006;10:698-705. 


Chapter  20:  Laparoscopic  Fundoplication 


261 


6 1 .  Spiroglou  K,  Xinias  I,  Karatzas  N,  Karatza  E,  Arsos  G ,  Panteliadis 
C.  Gastric  emptying  in  children  with  cerebral  palsy  and 
gastroesophageal  reflux.  Pediatr  Neurol.  2004;31:177-82. 

62.  Spitz  L,  McLeod  E.  Gastroesophageal  reflux.  Semin  Pediatr 
Surg.  2003;12:237-40. 

63.  Stylopoulos  N,  Rattner  DW.  The  history  of  hiatal  hernia 
surgery:  from  Bowditch  to  laparoscopy.  Ann  Surg. 
2005;241:185-93. 

64.  Sydorak  RM,  Albanese  CT.  Laparoscopic  antireflux 
procedures  in  children:  evaluating  the  evidence.  Semin 
Laparosc  Surg.  2002;9:133-38. 

65.  Thomson  M,  Fritscher-Ravens  A,  Hall  S,  Afzal  N,  Ashwood  P, 
Swain  CP.  Endoluminal  gastroplication  in  children  with  significant 
gastroesophageal  reflux  disease.  Gut.  2004;53: 1745-50. 

66.  Vaezi  MF,  Richter  JE.  Role  of  acid  and  duodeno- 
gastroesophageal  reflux  in  gastroesophageal  reflux  disease. 
Gastroenterology.  1996;111:1192-9. 


67.  Vandenplas  Y,  Hassall  E.  Mechanisms  of  gastroesophageal 
reflux  and  gastroesophageal  reflux  disease.  J  Pediatr 
Gastroenterol  Nutr.  2002;35:119-36. 

68.  Watson  DI,  Jamieson  GG,  Lally  C,  Archer  S,  Bessell  JR,  Booth 
M,  Cade  R,  Cullingford  G,  Devitt  PG,  Fletcher  DR,  Hurley  J, 
Kiroff  G,  Martin  CJ,  Martin  IJ,  Nathanson  LK,  Windsor  JA. 
Multicenter  prospective  double  blind  randomized  trial  of 
laparoscopic  Nissen  versus  anterior  90  degree  partial 
fundoplication.  Arch  Surg.  2004;139:1160-7. 

69.  Watson  DI,  Jamieson  GG,  Pike  GP,  et  al.  Prospective 
randomized  double-blind  trial  between  laparoscopic  Nissen 
fundoplication  and  anterior  partial  fundoplication.  Br  J  Surg. 
1999;86:123-30. 

70.  Zeid  MA,  Kandel  T,  el-Shobary  M,  Talaat  AA,  Fouad  A,  el- 
Enien  AA,  el-Badrawy  T,  el-Hak  NG,  el-Wahab  MA,  Ezzat  F. 
Nissen  fundoplication  in  infants  and  children:  a  long-term 
clinical  study.  Hepatogastroenterology.  2004;51:697-700. 


Chapter 


Sleeve  Gastrectomy 


INTRODUCTION 

Obesity  has  become  a  major  health  problem  in  the  last  few 
decades.  Obesity  is  the  most  prevalent  chronic  disease  of 
the  21st  century.  The  World  Health  Organization  (WHO) 
has  identified  obesity  as  one  of  the  five  leading  health  risks 
in  developed  countries.  WHO  has  reported  that  over  a  billion 
people  are  overweight  and  that  300  million  are  clinically 
obese,  with  a  projection  of  3  million  deaths  annually 
worldwide.  In  the  United  States,  65  percent  of  adult 
Americans  are  overweight  and  31  percent  are  clinically 
obese.  Fourteen  percent  of  American  children  and 
adolescents  are  obese.  Bariatric  surgery  is  now  considered 
the  only  valid  therapeutic  option  for  morbidly  obese  patients 
but  can  be  associated  with  significant  risk,  especially  in 
patients  affected  by  life-threatening  comorbidities.  Morbid 
obesity  [defined  as  a  body  mass  index  (BMI)  more  than  40 
kg/m2]  affects  4.7  percent  of  Americans  and  these  numbers 
are  rapidly  rising.  For  these  patients,  surgery  represents  the 
most  effective  treatment.  However,  failure  is  frequent  issue 
and  selection  of  correct  surgery  is  paramount  of  success. 

The  sleeve  gastrectomy  is  a  restrictive  form  of  weight  loss 
surgery  in  which  approximately  85  percent  of  the  stomach  is 
removed  leaving  a  cylindrical  or  sleeve-shaped  stomach  with 
a  capacity  ranging  from  about  60  to  150  cc.  Stomach  is  reduced 
to  about  15  percent  of  its  original  size,  by  surgical  removal  of  a 
large  portion  of  the  stomach  along  greater  curvature  (Fig.  21.1). 
The  open  edges  are  then  attached  together  with  the  help  of 
stapler  to  form  a  sleeve  or  tube  with  a  banana  shape  (Figs 
2 1.2 A  and  B).  The  procedure  permanently  reduces  the  size  of 
the  stomach.  The  procedure  is  performed  either  open  or 
laparoscopically  and  is  not  reversible. 

Laparoscopic  sleeve  gastrectomy  is  a  relatively  new 
option  originally  published  by  Marceau  et  al.  Unlike  many 
other  forms  of  bariatric  surgery,  the  outlet  valve  and  the 
nerves  to  the  stomach  remain  intact  and,  while  the  stomach 


is  drastically  reduced  in  size,  its  function  is  preserved.  Again, 
other  forms  of  surgery  such  as  the  Roux-en-Y  gastric  bypass, 
the  sleeve  gastrectomy  is  not  reversible. 

Because  the  new  stomach  continues  to  function  normally 
there  are  far  fewer  restrictions  on  the  foods  which  patients 
can  consume  after  surgery,  although  the  quantity  of  food 
eaten  will  be  considerably  reduced.  This  is  seen  by  many 
patients  as  being  one  of  the  great  advantages  of  the  sleeve 
gastrectomy,  as  is  the  fact  that  the  removal  of  the  majority 
of  the  stomach  also  results  in  the  virtual  elimination  of 
hormone  (Ghrelin)  produced  within  the  stomach  which 
stimulate  hunger. 

Ghrelin  Hormone 

Ghrelin  got  its  name  from  the  word  “ghre”  from  the  Proto- 
Indo-European  language,  meaning  to  grow.  Scientists  did 
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not  go  purposefully  looking  for  a  substance  that  stimulated 
appetite.  Indeed  the  discovery  of  ghrelin  occurred  when 
scientists  were  investigating  drugs  that  stimulated  the  release 
of  growth  hormone  from  the  anterior  pituitary  gland.  They 
came  across  some  drugs  that,  rather  than  acting  on  the 
growth  hormone  releasing  hormone  receptor,  were  acting 


Fig.  21 .2A:  Ghrelin  hormone 


on  an  unknown  receptor  located  in  the  hypothalamus  and 
pituitary,  these  drugs  were  called  growth  hormone 
secretagogues.  It  was  concluded  that  the  body  had  a  second 
pathway  for  the  induction  of  growth  hormone  secretion. 

Ghrelin  was  identified  as  being  the  natural  legend  for 
these  receptors  causing  secretion  of  growth  hormone  in  1999 
by  the  Japanese  scientist  Masayasu  Kojima  (see  key 
references).  During  Kojima's  investigations,  they  found  that 
although  ghrelin's  receptors  were  in  the  brain,  ghrelin  was 
surprisingly  identified  in  the  human  stomach  and  circulating 
in  the  blood  leading  to  the  conclusion  that  it  was  released 
from  the  stomach  where  it  then  travelled  in  the  blood  and 
acted  on  the  brain. 

Ghrelin  is  a  hormone  produced  mainly  by  F/Dl  cells  lining 
the  fundus  of  the  human  stomach  and  epsilon  cells  of  the 
pancreas  that  stimulates  hunger  (Figs  21.2A  and  B).  Ghrelin 
levels  increase  before  meals  and  decrease  after  meals.  It  is 
considered  as  the  counterpart  of  the  hormone  leptin,  produced 
by  adipose  tissue,  which  induces  satiation  when  present  at 
higher  levels.  In  some  bariatric  procedures,  the  level  of  ghrelin 
is  reduced  in  patients,  thus  causing  satiation  before  it  would 
normally  occur.  Ghrelin  is  also  produced  in  the  hypothalamic 
arcuate  nucleus,  where  it  stimulates  the  secretion  of  growth 
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hormone  from  the  anterior  pituitary  gland.  Receptors  for 
ghrelin  are  expressed  by  neurons  in  the  arcuate  nucleus  and 
the  ventromedial  hypothalamus.  Once  the  high  amount  of 
ghrelin  is  secreted  the  patient  feel  intense  hunger  (Fig.  21.3). 
Apart  from  hunger,  ghrelin  plays  a  significant  role  in 
neurotrophy,  particularly  in  the  hippocampus,  and  is  essential 
for  cognitive  adaptation  to  changing  environments  and  the 
process  of  learning. 

Ghrelin  has  emerged  as  the  first  circulating  hunger 
hormone.  Ghrelin  and  synthetic  ghrelin  mimetic  increase 
food  intake  and  increase  fat  mass  by  an  action  exerted  at 
the  level  of  the  hypothalamus.  They  activate  cells  in  the 
arcuate  nucleus  that  include  the  orexigenic  neuropeptide  Y 
(NPY)  neurons.  Ghrelin-responsiveness  of  these  neurones 
is  both  leptin-  and  insulin-sensitive.  Ghrelin  also  activates 
the  mesolimbic  cholinergic-dopaminergic  reward  link,  a 
circuit  that  communicates  the  hedonic  and  reinforcing  aspects 
of  natural  rewards,  such  as  food,  as  well  as  of  addictive  drugs, 
such  as  ethanol  (Fig.  21.3). 

Ghrelin  levels  in  the  plasma  of  obese  individuals  are 
lower  than  those  in  leaner  individuals.  Recently,  Scripps 
research  scientists  have  developed  an  anti-obesity  vaccine, 
which  is  directed  against  the  hormone  ghrelin.  The  vaccine 
uses  the  immune  system,  specifically  antibodies,  to  bind  to 
selected  targets,  directing  the  body's  own  immune  response 
against  them.  This  prevents  ghrelin  from  reaching  the  central 
nervous  system,  thus  producing  a  desired  reduction  in  weight 
gain. 

Obesity  is  the  result  of  multifactorial  changes  involving 
both  genetic  and  environmental  factors.  The  physio- 
pathology  of  obesity  from  the  point  of  view  of  intake 
regulation  has  led  to  numerous  experimental  studies  aimed 
at  identifying  new  forms  of  regulation.  These  new  forms  of 
regulation  are  not  only  found  in  the  secretion  of  ghrelin  from 
gastrointestinal  system  but  also  in  the  adipose  tissue  (via  the 
metabolism  of  leptin  and  insulin)  and  the  central  nervous 
system  to  finally  produce  the  relevant  orexigenic  or 
anorexigenic  effect. 

Advantages  of  Sleeve  Gastrectomy 

Some  authors  described  LSG  as  a  stand-alone  procedure 
with  good  results  with  respect  to  excessive  weight  loss  (EWL) 
and  lower  plasma  ghrelin  levels.  Also,  there  are  numerous 
reports  of  morbidly  obese  patients  who  underwent  LSG  as 
a  first  step  before  an  intended  malabsorptive  procedure  and 
lost  their  excessive  weight  after  LSG,  so  that  further  surgery 
was  not  necessary.  This  is  important  because  the 
disadvantages  of  the  malabsorptive  procedure  are  avoided. 
Perhaps  the  greatest  advantage  of  the  gastric  sleeve  lies  in 
the  fact  that  it  does  not  involve  any  bypass  of  the  intestinal 
tract  and  patients  do  not,  therefore,  suffer  the  complications 
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of  intestinal  bypass  such  as  intestinal  obstruction,  anemia, 
osteoporosis,  vitamin  deficiency  and  protein  deficiency.  It 
also  makes  it  a  suitable  form  of  surgery  for  patients  who  are 
already  suffering  from  anemia,  Crohn's  disease  and  a  variety 
of  other  conditions  that  would  place  them  at  high  risk  for 
surgery  involving  intestinal  bypass.  Sleeve  gastrectomy  can 
be  performed  laparoscopically  without  much  problem  in 
patients  who  are  extremely  overweight  and  this  account  for 
the  rising  popularity  of  the  laparoscopic  sleeve  gastrectomy. 

Disadvantages  of  Sleeve  Gastrectomy 

Perhaps  the  main  disadvantage  of  this  form  of  surgery  is 
that  it  does  not  always  produce  the  reduction  in  weight  which 
people  would  wish  for  and,  in  the  longer  term,  can  result  in 
weight  regain.  This  is  indeed  true  of  any  form  of  purely 
restrictive  surgery,  but  is  perhaps  especially  true  in  the  case 
of  the  sleeve  gastrectomy.  Because  the  procedure  requires 
stapling  of  the  stomach,  patients  do  run  the  risk  of  leakage 
and  of  other  complications  directly  related  to  stapling.  In 
addition,  as  with  any  surgery,  patients  run  the  risk  of 
additional  complications  such  as  postoperative  bleeding, 
small  bowel  obstruction,  pneumonia  and  even  death.  The 
risk  of  encountering  any  of  these  complications  is,  however, 
extremely  small  and  varies  from  about  0.5  and  1  percent. 
Having  said  this,  the  risk  of  death  from  this  form  of  surgery 
at  about  0.25  percent  is  extremely  small. 

The  Risks  and  Complications  of  the  Sleeve 
Gastrectomy 

As  with  all  forms  of  weight  loss  surgery,  the  vertical 
gastrectomy  does  carry  risk  and  these  will  clearly  vary  from 
one  patient  to  the  other  (Figs  21.4A  and  B). 


Chapter  21:  Sleeve  Gastrectomy 


265 


Complications  include: 

•  Gastric  leakage  and  fistula  1.0  percent 

•  Deep  vein  thrombosis  0.5  percent 

•  Non-fatal  pulmonary  embolus  0.5  percent 

•  Postoperative  bleeding  0.5  percent 

•  Splenectomy  0.5  percent 

•  Acute  respiratory  distress  0.25  percent 

•  Pneumonia  0.2  percent 

•  Death  0.25  percent. 

Surgical  Technique 

The  patient  is  positioned  in  a  modified  reverse 
Trendelenburg  position  with  the  right  arm  away  from  the 
body.  The  abdomen  is  prepared  and  draped  in  the 
customary  fashion.  Ports  are  used  according  to  baseball 
diamond  concept  as  shown  in  Figures  21.5A  and  B. 

After  exploration  of  the  abdomen  and  the  anterior  wall 
of  the  stomach,  the  liver  is  retracted  via  fifth  port  (Fig.  21.6). 

Dissection  should  be  started  with  dissection  of  the  short 
gastric  vessels  to  the  point  of  the  angle  of  his  using  either  the 
harmonic  scalpel  (Ethicon  Endo-Surgery)  or  ligasure.  The 
greater  omentum  is  then  separated  from  the  greater 


curvature  under  protection  of  the  gastroepiploic  arcade.  The 
endpoint  of  the  preparation  is  about  7  to  8  cm  prepyloric 
(Fig.  21.7). 

A  34-Fr  tube  is  then  positioned  along  the  lesser  curvature 
of  stomach  as  the  leading  structure  for  the  stapling  line  to 
follow.  After  freeing  the  omentum,  staple  should  be  applied 
along  the  greater  curvature  strictly  along  the  stomach  tube 
using  a  60-mm  Endo-GIA,  Ethicon  Endo-Surgery  or  Auto 
Suture  (Fig.  21.8).  The  starting  point  is  7  to  8  cm  prepyloric 
to  the  point  of  the  angle  of  His.  Typically,  four  to  five  staple 
lines  are  needed  (Figs  21.9A  to  C). 

Different  types  of  stapler  are  available  in  the  market. 

The  dissected  part  of  the  stomach  is  withdrawn  from  the 
abdomen  at  port  no:  3  and  the  staple  line  will  be  overstitched 
by  absorbable  intracorporeal  suturing.  This  is  done  not  to 
prevent  insufficiency  in  the  staple  line  but  rather  to  prevent 
staple  line  bleeding.  It  is  possible  to  overstitch  only  areas  of 
bleeding  between  the  staples,  not  the  whole  staple  line. 

Like  most  of  the  bariatric  surgery  operations,  currently 
there  are  multiple  variations  in  the  technique  for  the  LSG. 
Some  of  these  variations  are:  the  size  of  bougie  (determines 
the  size  of  the  pouch)  beside  which  the  Endo  GIA  staplers 
are  placed  to  divide  the  stomach,  the  level  at  which  the 
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Figs  21 .5A  and  B:  Port  position  for  laparoscopic  sleeve  gastrectomy 


Fig.  21 .7:  6  cm  of  stomach  towards  the  pylorus  is  left 


Fig.  21 .8:  Endo  GIA  stapler 


surgeons  start  the  division  in  the  central  area.  Many  surgeons 
leave  most  of  the  antrum  for  its  pumping,  emptying  action 
and  also  to  avoid  the  possibility  of  leak  from  this  thick-walled 
tough  area,  to  reinforce  or  not  reinforce  this  long  staple  line. 

Five  or  six  ports  are  used  for  LSG  and  the  surgeon 
standing  between  the  patient's  legs.  An  open  technique  could 
be  used  for  the  first  port,  establishing  a  pneumoperitoneum 
of  15  mm  Hg.  Then,  two  right  ports,  one  left  port,  and  a 
midline  ports  are  usually  sufficient  (Fig.  21.5).  The  right 
subcostal  trocar  is  used  to  insert  the  fan  retractor  for  the 
liver.  The  camera  should  be  placed  high  between  the 
umbilicus  and  xiphoid.  Initial  decompression  of  the  stomach 
with  NGT  is  preferable.  Some  surgeons  commence  the 
laparoscopic  sleeve  gastrectomy  with  an  opening  through 
the  gastrocolic  ligament  to  lesser  sac,  and  the  posterior 
stomach  wall  is  visualized  and  fine  adhesions  to  the  pancreas 
are  divided  and  the  lesser  sac  totally  freed  using  harmonic 
scalpel,  ligasure,  or  coagulation  hook.  The  left  side  of  the 
GE  junction  should  be  cleared  off  fat  to  avoid  later 
compromise  of  the  stapling  during  creation  of  the  sleeve 
(Figs  21.10A  to  D).  Left  crus  should  be  exposed  completely. 

Majority  of  surgeons  start  the  dissection  5  to  10  cm 
proximal  to  the  pylorus,  but  some  European  surgeons  start 


Figs  21 .9A  to  C:  (A)  After  dissecting  the  greater  omentum  from  the  greater  curvature,  a  34-Fr  stomach  tube  is  placed  along  the  lesser 
curvature.  The  first  staple  line  is  then  set  strictly  along  the  stomach.  The  starting  point  of  the  dissection  of  the  greater  curvature  is  about 
7-8  cm  prepyloric;  (B)  The  second  staple  line  is  set  strictly  and  continued  along  the  stomach  tube;  (C)  Finishing  of  the  gastric  sleeve 
with  the  third  staple  line.  The  greater  curvature  is  resected  to  the  point  of  the  angle  of  His 


the  dissection  closer  to  the  pylorus.  If  the  dissection  starts 
too  close  to  the  pylorus,  the  antrum  will  not  empty  properly 
and  its  pumping  mechanism  will  be  defective,  thus 
postoperative  nausea  may  occur.  The  linear  Endo-GIA 
stapler  is  generally  introduced  through  a  right  trocar  towards 
the  left  shoulder  and  leaves  about  1  cm  of  fat  pad  along  the 
lesser  curvature  (3  cm  width).  This  assures  adequate  blood 
supply  on  the  lesser  curvature  for  the  sleeve.  Transaction  of 
the  stomach  should  be  started  6  cm  proximal  to  the  pylorus 
and  then  the  anesthesiologist  inserts  a  36  to  40-Fr  bougie 


down  to  pylorus,  if  the  LSG  is  intended  as  the  sole  operation 
but  if  as  a  preliminary  step  before  duodenal  switch,  a  60-Fr 
bougie  is  used.  Kueper,  et  al  consider  a  34-Fr  bougie  which 
results  in  a  pouch  of  100  ml.  The  sleeve  is  started  at  the 
lower  end  of  the  crow's  foot.  The  procedure  requires  five  to 
six  firings  of  the  linear  cutting  stapler  (60  mm  long,  4.8  mm 
staple-height,  and  green  cartridge)  to  divide  the  entire 
stomach  (Figs  21.11A  to  H).  It  is  important  to  remove  all 
fundus  to  avoid  regain  of  weight.  The  vagus  nerves  anteriorly 
and  posteriorly  are  preserved  for  normal  gastric  emptying. 
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Figs  21.11  A  and  B 
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Figs  21.1 1C  to  H 

Figs  21.11  A  to  H:  Gastrectomy  with  the  help  of  ENDO  Gl  stapler 
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The  resected  greater  curvature  could  be  extracted  in  a 
bag  via  epigastric  or  right  paramedian  port-site  after  being 
dilated  to  two-finger  diameter.  The  typical  specimen  has  the 
shape  of  a  comma  or  banana  with  the  fundus  at  the  top.  In 
dividing  the  stomach,  most  surgeons  use  over  sewing  of  the 
staple-line  by  continuous  or  interrupted  absorbable  sutures 
to  prevent  bleeding  and  leak. 

Intraoperative  testing  through  an  18-Fr  Argyle  tube  with 
diluted  methylene  blue  or  air  under  saline  using  a 
gastroscope,  with  concurrent  compression  of  prepyloric 
area  is  a  complementary  step.  A  Gastrografin®  swallow  is 
ordered  by  many  surgeons  on  the  second  postoperative 
day,  or  others  perform  this  study  only  if  there  is  a  problem. 
A  liquid  diet  may  be  commenced  on  the  first  postoperative 
day. 


WEIGHT  LOSS 

"Durable"  weight  loss  is  the  one  most  important  gain  of 
bariatric  surgery  operations,  and  it  is  the  parameter  by  which 
success  or  failure  of  weight-reducing  techniques  is  measured. 
Success  of  treatment  has  been  defined  as  weight  loss  >50 
percent  of  excess  weight,  maintaining  or  even  losing  further 
after  surgery  (Table  21.1). 

The  percentage  weight  loss  after  LSG  in  707  morbidly 
obese  patients  included  in  the  reviewed  series  is  40  percent 
(a  mean)  after  a  mean  follow  up  of  14  months  (Table  21.1). 

Effect  on  Associated  Comorbidities 

Laparoscopic  sleeve  gastrectomy  had  been  carried  out  for 
super  obese  patients  with  multiple  severe  comorbidities  and 


Table  21.1:  Outcome  of  published  series  on  sleeve  gastrectomy 


S.No.  Author 

No.ofpts. 

Average  Preop  BMI 

Bougie  (Fr) 

FU  (Months) 

%wt.  loss 

1. 

Weimer  et  al  (2007) 

A=25 

61.6 

NR 

60 

62%  at  12  ms. 

B=32 

60.8 

44 

60 

C>B>A 

C=63 

60.3 

32 

60 

significantly 

2. 

Strekas  (2008) 

93 

46.86  ±6.48 

36 

12.51±4.15 

58.32  ±16.54%, 

3. 

Dapri  et  al  (2007) 

A=20 

42.5 

34 

12 

48.3% 

B=20 

47 

34 

12 

49.5% 

4. 

Lee  et  al  (2007) 

216 

49±11 

32 

5. 

Melissas,  et  al  (2007) 

23 

47.2±4.8 

34 

12 

33.1% 

6. 

Hamoui 

118 

55 

24 

47.3  % 

7. 

Langer,  et  al  (2006) 

(sleeve  dilatation) 

23 

48.5  ±  6.9 

48 

12 

56% 

8. 

Quesada  (2008) 

15 

54 

38 

6 

44% 

9. 

Baltasar  (2006) 
(re-sleeve) 

2 

46,  42 

10. 

Cottam  et  al  (2006) 

(initial,  high-risk) 

126 

65.3±0.8 

48 

12 

46% 

11. 

Vidal  et  al  (2007) 

(effect  of  LSG  on  DM) 

35 

48 

NR 

12. 

Silecchia,  et  al  (2006) 

41;supero- 

bese 

>  2  major 
comorbidities 

57.3±6.5 

48 

22.2±  7.1 

NR 

13. 

DePaula  et  al  (2008) 
(effect  of  LSG  as  initial 
to  2  diff.  procedures 
on  DM  with  BMId  <  35 

39 

23.4  to  34.9 

NR 

7 

22% 

14. 

Madhala,  et  al  (2008) 
(technique) 

25 

44  ±2 

50 

4 

22.7% 

15. 

Till,  et  al  (2008) 

(LSG  in  morbid  obese 
children) 

4  (<  14.5  yrs.) 

48.4 

40 

12 

23% 

Total 

707 

MEAN=57.76 

MEAN=43.7Fr. 

Mean =14.5  months  Mean=  40% 
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in  at  least  50  percent  of  the  patients;  there  was  marked 
improvement  of  the  comorbidities  specially  diabetes  mellitus 
which  got  marked  benefit  in  50  to  57  percent. 

Complications 

In  one  of  the  reviewed  series  (n=  707),  there  are  17  major 
complications  with  an  incidence  of  2.4  percent.  One  should 
consider  the  heterogeneity  of  the  patient's  population  where 
those  with  high  risk  and  multiple  severe  comorbidities  are 
included.  One  death  due  to  gastric  leakage  reported  with 
11  gastric  leakage,  4  renal  failures  and  1  stenosis.  GERD 
occurs  in  too  many  cases  but  most  of  the  patients  improve 
gradually  on  conservative  management.  Bleeding  from  the 
suture  line  reported  rarely  and  could  be  managed 
conservatively  in  most  of  the  cases. 


LSG  as  Initial  Step  for  Super  Obese 
and  High-risk  Patients 

In  two  studies,  LSG  was  used  as  a  planned  initial  step  and 
entertained  over  other  major  final  technique  due  to  super 
obesity  with  poor  general  condition  in  an  attempt  to  minimize 
the  risk  in  this  subgroup  of  patients.  During  the  post-LSG 
follow-up,  the  authors  found  the  second  stage  operation  is 
only  needed  in  5  percent  in  one  study  and  39  percent  in  the 
others  (Table  21.2). 

LSG  in  Morbidly  Obese  Children 

Till  et  al.  carried-out  LSG  in  four  morbidly  obese  pediatric 
patients  with  multiple  comorbidities.  Marked  improvements 
in  their  comorbidities  and  23  percent  weight  loss  had  been 
achieved  after  12  months  follow-up. 


Table  21.2:  Main  complications  of  LSG  in  the  reviewed  published  series 


S.No. 

Author 

No.  of  pts. 

Main  complications 

Recommenda  tions 

1. 

Weimer  (2007) 

120 

Reflux  symptoms, 
severe  esophagitis 

2. 

Strekas  (2008) 

93 

4  cases  of  gastric  leak, 

3  managed  conservatively 

More  suitable  for  intermediate 
morbidly  obese  patients  with  BMI 
between  40  and  50  kg/m 

3. 

Dapri  et  al  (2007) 

20+20 

1  early  leak.  1  late  leak, 

1  stenosis 

Better  mobilize  the  stomach  than 

resect  it 

4. 

Lee  et  al  (2007) 

23 

2  leaks 

Recommended  for  BMI<  50  kg/m2 

5. 

Melissas  et  al  (2007) 

23 

8  GERD;  only  one  persisted 

The  term  restrictive  may  not  be 
applicable  to  the  LSG 

6. 

Hamoui,  et  al  (2006) 

118 

One  death  due  to  gastric 
leakage 

Out  of  118  super  obese  patients, 
only  6  requested  second  stage 
duodenal  switch. 

7. 

Langer,  et  al  (2006) 

23 

One  severe  GERD  one 
renal  failure 

Sleeve  dilatation  doesn't  necessarily 
lead  to  weight  gain 

8. 

Quesada  (2008) 

15 

- 

LSG  is  best  option  in  the  presence  of 
adhesions 

9. 

Baltasar  (2006) 

2 

- 

Re-LSG  is  achievable  with  minimal 
complication 

10. 

Cottam  et  al  (2006) 
(initial,  high-risk) 

126  (  +  9.3  comorbidities 
in  each;  mean) 

Only  36  pts.  (39%)  Were  in  need  of 
the  second  stage.  LSG  is  a  good  initial 
op.  in  those  severely  combor-  bid 
patients. 

11. 

Vidal  et  al  (2007) 

(effect  of  LSG  on  DM) 

35 

- 

DM  resolved  in  51.3  percent  4 
months  after  LSG. 

12. 

Silecchia,  et  al  (2006) 

41  Superobese  >  2 
major  comorbidities 

1  leakage,  1  bleeding,  1 
transient  renal  failure 

After  12  months,  57.8% 

of  the  patients  were  comorbidity-free 

13. 

DePaula  et  al  (2008) 

39 

2  leakage,  2  renal  failure 

50%  resolution  of  DM  after  7  months. 

14. 

Madhala,  et  al  (2007) 

25 

- 

- 

15. 

Till,  et  al  (2008)  (LSG 
in  morbid  obese 
children) 

Total 

4  (<  14.5  yrs.) 

707 

11  gastric  leaks,  1  DEATH, 

4  RF,  1  stenosis  =  17;  2.4% 

Comorbidities  improved 
significantly 
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Conclusion 

As  the  prevalence  of  morbid  obesity  continues  to  escalate, 
the  incidence  of  progressively  complicated  patients  will  rise. 
Clearly,  a  valid  and  effective  strategy,  beyond  the  current 
comprehensive  evaluation  measures,  is  needed  for  the 
optimal  management  of  these  patients. 

Bariatric  surgery  is  the  most  effective  treatment  for  severe 
obesity,  producing  durable  weight  loss,  improvement  of 
comorbid  conditions,  and  longer  life.  Patient  selection 
algorithms  should  favor  individual  risk  benefit  considerations 
over  traditional  anthropometric  and  demographic  limits. 
Bariatric  care  should  be  delivered  within  credentialed 
multidisciplinary  systems.  Roux-en-Y  gastric  bypass  (RGB), 
adjustable  gastric  banding  (AGB),  and  biliopancreatic 
diversion  with  duodenal  switch  (BPDDS)  are  validated 
procedures  that  may  be  performed  laparoscopically. 
Laparoscopic  sleeve  gastrectomy  (LSG)  also  is  a  promising 
procedure.  Comparative  data  find  that  procedures  with  more 
dramatic  clinical  benefits  carry  greater  risks,  and  those 
offering  greater  safety  and  flexibility  are  associated  with  less 
reliable  efficacy. 

Sleeve  gastrectomy  has  been  introduced  and  well 
accepted  recently  into  the  armamentarium  of  bariatric 
procedures.  It  was  initially  intended  as  a  first  step  for  poor- 
risk  patients  deemed  too  ill  to  undergo  biliopancreatic 
diversion  with  duodenal  switch  or  Roux-en-Y  gastric  bypass. 
Some  of  the  patients  lost  significant  weight  and  declined  the 
proposed  second  stage,  becoming  the  first  stage  with  sleeve 
gastrectomy  as  a  sole  procedure.  Sleeve  gastrectomy  has 
gained  popularity  with  both  bariatric  surgeons  and  patients, 
mainly  because  of  its  relative  operative  simplicity  and  lower 
risk  profile. 
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Laparoscopic  Splenectomy 


Laparoscopic  splenectomy  first  started  in  early  nineties,  but  due 
to  the  lack  of  an  acceptable  conversion  rate  it  was  not  accepted 
by  most  of  the  laparoscopic  surgeons.  Now  due  to  increased 
proficiency  in  the  performance  of  laparoscopic  procedures, 
conversion  rate  is  now  inexistent  even  with  large  spleens.  To 
date,  this  procedure  continues  to  be  associated  with  a  steep 
learning  curve  but  remains  very  rewarding,  elegant  procedure. 
The  indications  for  this  procedure  have  broadened  and  are 
now  the  same  as  with  open  procedures.  They  range  from 
idiopathic  thrombocytopenic  purpura,  unresponsive  hemolytic 
anemia  to  staging  procedures  and  to  primary  splenic  cysts. 

Only  contraindication  of  laparoscopic  splenectomy  is 
excessively  large  spleens  with  weight  over  1000  gm.  We 
personally  believe  that  the  maneuvers  used  to  remove  such 
large  spleens  do  not  warrant  these  procedures.  One  should 
always  remember  that  by  laparoscopic  approach,  the  spleen 
cannot  be  removed  in  its  integral  anatomical  form  and  is 
usually  shredded.  If  there  is  any  need  to  preserve  splenic 
integrity,  then  laparoscopic  approach  should  not  indicated. 

OPERATING  ROOM  SET-UP  AND  PATIENT  POSITION 

Patient  is  placed  in  supine  and  semi  right  lateral  position  on 
the  table.  Surgeon  stands  to  the  right  of  patient  (Fig.  22.1). 
Camera  operator  stands  right  side  of  the  patient  next  to  the 
surgeon  towards  right  hand  side  of  surgeon.  Monitor  is  placed 
left  to  the  patient  and  Mayo’s  stand  is  placed  near  the  feet  of 
the  patient  (Figs  22. 2A  and  B).  Various  steps  of  splenectomy 
shown  in  (Fig.  22.3). 

Port  Position 

Port  position  should  be  decided  according  to  base  ball 
diamond  concept  depending  on  the  size  of  spleen. 


Anesthesiologist 


Instrument  table 


Fig.  22.1 :  Position  of  surgical  team 


Figs  22.2A  and  B:  Various  steps  of  splenectomy 


|  Step  1 1  1  Step  2 1 

Dissection  of  the  Dissection  of  the  lateral  aspect 

as pe ct  of  the  spleen  and  retro perito n ea I  a tta ch m ents 


Fig.  22.3:  Various  steps  of  splenectomy 

Operative  Procedure 

Laparoscopic  splenectomy  can  be  described  in  5  steps: 

Step  1:  Dissection  of  the  inferior  aspect  of  the  spleen. 

Step  2:  Dissection  of  the  lateral  and  retroperitoneal 
attachments. 

Step  3:  Transaction  of  the  splenic  hilum. 

A  10  mm  fan  retractor  is  inserted  and  will  lift 
the  inferior  aspect  spleen  superiorly.  The  tail  of  the 
pancreas  should  be  identified.  The  splenorenal  and 
colosplenic  ligaments  are  divided  with  sharp 
dissection.  The  dissection  is  continued  superior  and 
lateral  to  mobilize  the  entire  spleen  (Figs  22.4  and 
22.5). 

It  is  essential  to  continue  our  dissection  posterior 
and  inferior  to  the  spleen  as  far  as  possible.  Its 
purpose  is  to  sufficiently  expose  the  posterior  aspect 


of  the  splenic  hilum  (Fig.  22.6).  The  entire  anterior 
aspect  of  the  hilum  should  also  be  well-visualized 
(Figs  22. 7A  to  D). 

Occasionally,  the  short  gastric  vessels  will  have 
to  be  first  transacted  to  gain  additional  exposure. 

Stapler  is  inserted  and  each  jaw  should  be 
positioned  anterior  and  posterior  to  the  splenic 
vessels.  Although  this  procedure  appears  very 
audacious  to  the  neophyte,  complete  hemostasis 
of  the  splenic  hilum  is  usually  achieved.  The 
instrument  is  fired  several  times  in  sequence  (Figs 
22. 8 A  to  F). 

Step  4:  Dissection  of  the  short  gastric  vessels. 

The  short  gastric  vessels  are  best  divided  using 
energy  like  either  ligasure  harmonic  or  simple 
bilateral.  The  clip  or  stapler  may  be  used  also  for 
short  gastric  vessels.  Each  time  the  spleen  is  moved 
superiorly,  interiorly  or  medially  and  all  the 
attachments  should  be  carefully  dissected.  With 
slow  and  careful  separation  of  ligaments,  the  spleen 
should  be  entirely  detached. 

Step  5:  Removing  the  spleen. 

The  most  lateral  12  mm  trocar  is  removed;  its 
site  is  enlarged  and  replaced  by  15  mm  trocar.  An 
endobag  is  introduced  and  deployed  in  the  intra¬ 
abdominal  cavity.  The  spleen  is  placed  in  the 
specimen  retrieval  bag.  The  specimen  retrieval  bag 
is  closed  and  brought  against  the  anterior 
abdominal  wall.  It  is  open  via  the  enlarged  trocar 
site.  The  spleen  is  then  sectioned  in  smaller  pieces 
in  the  specimen  retrieval  bag  and  removed  with  a 
large  clamp  (Figs  22. 9A  and  B). 

A  drain  is  left  in  the  intra-abdominal  cavity.  The  final 
evaluation  of  abdominal  cavity  is  done  and  the  instruments 
are  removed.  Port  is  closed  according  to  need. 
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Figs  22.4A  and  B:  Dissection  of  the  inferior  aspect  of  the  spleen 


Figs  22.5A  and  B:  Retractor  is  necessary  to  expose  the  hilum  of  spleen 


Fig.  22.6:  T ransaction  of  the  splenic  hilum 
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Figs  22.7A  to  D:  Dissection  of  splenic  hilum 


Figs  22.8Aand  B 
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Figs  22.8A  to  F: 


Figs  22.8C  to  F 

Use  of  endo  Gl  linear  stapler  or  vascular  stapler  can  make  the  laparoscopic  splenectomy  easy  but  many  surgeon  use 
extracorporeal  knot  as  their  main  skill  to  secure  splenic  umenti 


Figs  22.9A  and  B:  Manual  morcellation  of  the  spleen  inside  endobag 
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Chapter 


Laparoscopic  Management  of 
Hepaticopancreatic  Diseases 


The  indications  and  preparation  for  laparoscopic  liver  surgery 
remain  the  same  as  in  open  hepatic  surgery.  Visualization  is 
excellent  with  the  laparoscope,  and  the  addition  of 
laparoscopic  ultrasound  has  been  shown  to  help 
intraoperative  plans  in  66  percent  of  cases  when  compared 
to  laparoscopic  exploration  alone.  The  ability  of  visual 
inspection  laparoscopy  to  assess  resectability  as  opposed  to 
inoperability  remains  relatively  low.  It  can  be  improved  by 
extended  laparoscopy  combined  with  laparoscopic  contact 
ultrasonography.  The  technique  of  extended  laparoscopy 
consists  of  full  inspection  of  the  peritoneal  cavity,  liver  with 
contact  laparoscopic  ultrasound  scanning,  entry  and 
inspection  of  lesser  sac,  examination  of  porta  hepatis, 
duodenum,  transverse  mesocolon,  and  coeliac  and  portal 
vessels.  This  procedure  thus  entails  extensive  dissection  and 
is  used  to  assess  operability  in  patients  with  pancreatic  cancer, 
hepatic  neoplasms  and  gastroesophageal  cancers  where  it 
often  entails  lymph  node  sampling.  Laparoscopic  hepatic 
surgery,  while  technically  difficult,  can  be  performed  safely 
with  good  results  with  careful  patient  selection.  Attention  to 
the  etiology  of  the  lesion  and  its  location  is  essential.  Ideal 
candidates  have  a  large  solitary  cyst  or  a  symptomatic  benign 
mass  located  superficially,  laterally,  or  far  enough  from  the 
pedicle  to  allow  direct  clamping  of  the  liver  or  access  to  the 
hilum  to  perform  a  Pringle  maneuver  should  bleeding  occur. 
Contraindications  to  this  technique  include  patients  with 
cirrhosis,  hepatocellular  carcinoma,  or  posterior  or  centrally 
located  lesions.  While  we  have  utilized  this  approach  for 
solitary  small  metastatic  disease,  hydatid  disease,  hepatic 
abscess,  and  polycystic  liver  disease  (PCLD),  these  should 
be  viewed  with  a  great  deal  of  circumspection.  Problems 
exist  to  varying  degrees  should  any  of  these  lesions  be  spilled. 
Port  site  recurrences  remain  a  concern  when  using 
laparoscopy  in  any  patient  with  cancer.  This  is  of  special 
concern  when  considering  pairing  this  approach  with 
cryoablation.  With  echinococcal  cysts,  the  risk  of  spillage  is 


also  obvious,  though  less  problematic  with  calcified  cysts.  If 
one  does  use  a  laparoscopic  approach  for  hydatid  disease, 
we  recommend  a  cholangiogram  to  rule  out  a  connection 
with  the  biliary  system.  While  fenestration  of  polycystic  liver 
disease  has  been  described  both  by  open  and  laparoscopic 
approaches,  transcystic  fenestration  of  deeper  cysts  makes 
the  control  of  bleeding  difficult. 

Laparoscopic  liver  surgery  provides  advantages  over 
open  surgery  for  the  liver  since  the  Chevron  incision  is 
completely  avoided  and  the  surgery  is  performed  through 
tiny  incisions.  As  a  consequence  the  duration  of  stay  in 
hospital,  the  amount  and  duration  of  postoperative 
discomfort,  and  the  length  of  recovery  are  much  shorter  after 
the  laparoscopic  procedure  compared  to  open  surgery.  To 
safely  perform  liver  surgery  laparoscopically,  the  surgeon 
must  be  both  an  accomplished  laparoscopist  and  hepatic 
surgeon.  Few  surgeons,  however,  are  as  comfortable  with 
open  hepatic  surgery  as  they  are  with  the  gallbladder,  hernia, 
appendix,  or  stomach.  Furthermore,  only  a  limited  number 
of  lesions,  depending  upon  their  location  and  etiology,  can 
be  approached  by  laparoscopy.  The  most  commonly 
performed  procedures  are  symptomatic  solitary  hepatic  cyst, 
symptomatic  polycystic  liver  disease,  hydatid  cyst,  focal 
nodular  hyperplasia,  adenoma,  abscess,  metastatic  breast 
cancer,  and  calcified  gallbladder. 

TECHNIQUE  OF  LAPAROSCOPIC  MANAGEMENT 
OF  HYDATID  CYSTIC  LIVER 

The  procedure  is  performed  with  the  patient  under  general 
anesthesia  with  oro-  or  nasogastric  decompression  and  a 
pneumoperitoneum  of  12  to  14  mm  Hg  (Fig.  23.1). 

The  patients  can  be  placed  in  the  “French”  position,  a 
modified  lithotomy  with  minimal  flexion  of  the  hips,  and 
the  primary  surgeon  positioned  between  the  legs.  The  first 
assistant  stands  on  the  patient’s  left  side  and  the  scrub  nurse 
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Fig.  23.1 :  Port  position  of  the  hydatid  cyst  of  left  lobe 


between  them.  For  fenestrations,  use  a  four-trocar  configu¬ 
ration.  A  10  mm  port  at  the  umbilicus  house  the  30° 
telescope.  A  5  mm  trocar  placed  just  below  the  xiphoid 
process  to  the  right  or  the  left  of  the  falciform  ligament, 
depending  on  the  location  of  the  cyst.  This  port  is  used  to 
expose  the  liver,  often  using  an  irrigation  aspiration  probe. 
Two  other  5  mm  or  10  mm  ports,  in  the  right  and  left  flank, 
allows  the  surgeon  to  puncture  the  cyst  dome,  aspirate  its 
contents,  and  excise  the  cyst  wall  in  a  careful  sequential 
fashion  to  facilitate  hemostasis.  For  more  extensive 
procedures,  a  strong  light  source  (300  W  xenon)  and  high- 
quality  30°  scopes  are  required.  To  perform  resections  safely 
with  a  minimum  of  wasted  motion,  the  four-hand  technique 
is  used  by  many  surgeons.  This  uses  four  to  six  trocars  and 
allows  for  the  primary  surgeon  to  expose  and  dissect  the 
liver  while  second  surgeon  obtains  control  and  transects  the 
blood  vessels  and  bile  ducts.  The  procedure  entails  the  same 
components  as  in  open  hepatic  surgery.  First,  the  patient  is 
explored,  both  visually  and  ultrasonographically. 
Mobilization  of  the  liver  and  hilar  dissection  are  performed 
as  necessary  to  obtain  vascular  control.  Division  and  ligation 
of  the  round  ligament  followed  by  freeing  of  the  falciform 
and  the  right  or  left  triangular  ligaments  allow  access  to 
perform  thorough  exploration,  dissection,  and  hemostasis. 
A  gauge  soaked  with  3  percent  saline  is  kept  around  the 
cyst  to  prevent  contamination  by  spillage  (Fig.  23.2).  Spiral 
needle  is  used  to  administer  10  percent  saline  inside  the 
cyst  (Figs  23.3A  and  B).  Dissection  is  begun  by  scoring 
Glisson’s  capsule  with  the  high  frequency  electrosurgery. 


Fig.  23.2:  Gauge  piece  introduced  soaked  with  3%  saline 


Parenchymal  dissection  can  be  performed  using  the 
ultrasonic  dissector.  After  extraction,  the  germinal  layer  is 
placed  in  an  impermeable  specimen  bag  for  removal  (Figs 
23. 4A  to  D).  Cholangiography  is  very  useful  to  detect 
possible  bile  leaks.  The  raw  surface  of  the  liver  is  then 
inspected,  coagulated  and  covered  with  fibrin  glue.  The 
specimen  is  extracted  either  by  partial  morcellation,  dilatation 
at  the  umbilicus,  enlarging  another  port  site,  or  by  a  small 
McBurney  or  subcostal  incision  (Figs  23. 5A  and  B). 

LAPAROSCOPIC  LIVER  RESECTION 

The  most  common  indication  for  laparoscopic  liver  resection 
is  a  solitary  liver  metastasis  from  a  colorectal  cancer,  but  it 
may  also  be  used  for  hepatocellular  carcinoma  (HCC)  and 
for  benign  liver  tumors  or  cysts. 

Laparoscopic  liver  resections,  offer  advantages  over  the 
conventional  open  approach  in  two  important  respects: 

1.  Reduced  operative  blood  loss 

2.  Lower  major  postoperative  morbidity. 

Although  laparoscopic  staging  for  intra-abdominal  cancer 
including  primary  and  secondary  hepatic  tumors  has  been 
in  established  practice  for  many  years,  laparoscopic  liver 
resections  are  still  in  the  early  clinical  evaluation  stage. 
Nonetheless,  the  results  to  date  have  been  uniformly 
favorable  especially  for  left  lobectomy  and  pluri- 
segmentectomies  although  right  hepatectomy  has  been 
performed  by  the  laparoscopically  assisted  or  the  hand- 
assisted  laparoscopic  surgical  (HALS)  approach. 

The  HALS  approach  by  facilitating  these  dissections  and 
greatly  increasing  the  safety  makes  quite  a  big  difference  to 
the  uptake  amongst  hepatobiliary  and  general  surgeons  with 
an  interest  in  liver  surgery.  The  procedures,  which  are  in 
established  practice  by  the  laparoscopic  and  HALS  approach 
are: 
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Figs  23.3A  and  B:  Instillation  of  hypertonic  saline  inside  the  cyst  though  percutaneous  spinal  needle 


Figs  23.4A  to  D:  Opening  of  the  cystic  wall  and  extraction  of  germinal  layer 


1 .  Extended  laparoscopic  staging 

2 .  Hepatic  resections 

3.  Laparoscopic  in  situ  thermal  ablation 


4.  Laparoscopic  cryosurgery 

5.  Radical  de-roofing  of  simple  hepatic  cysts 

6.  Hepatic  surgery  for  parasitic  cysts. 
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Figs  23.5A  and  B:  Removal  of  cyst  with  the  help  of  endobag 


Laparoscopic  Staging  of  Tumors 

Laparoscopy  can  nicely  detect  seedling  metastases  and  small 
hepatic  deposits  missed  by  preoperative  thin  slice 
multidetector  CT  or  MRI.  Some  surgeons  add  lavage 
cytology  to  diagnostic  laparoscopic  visual  inspection.  This 
detects  exfoliated  tumors  cells  in  gastrointestinal,  pancreatic 
and  ovarian  cancers. 

HEPATIC  RESECTIONS 

Approaches 

Both  the  laparoscopic  and  the  HALS  approach  can  be  used 
for  hepatic  resection.  The  hand-assisted  approach  expedites 
the  operation  and  provides  an  effective  safeguard  against 
major  hemorrhage  that  may  be  encountered  during  the 
operation.  A  7.0  cm  incision  is  necessary  for  the  insertion  of 
the  hand  access  device,  such  as  the  Omni  port.  This  may  be 
introduced  through  midline  for  operations  on  the  left  lobe 
or  right  transverse  for  resections  on  the  right  liver.  It  is 
important  that  the  optical  port  is  placed  such  that  it  is  well 
clear  of  the  internal  hand. 

Component  Tasks  in  Laparoscopic  Hepatic 
Resections 

These  component  tasks  cover  all  the  surgical  technical  aspects 
of  the  various  hepatic  resections:  hepatectomy,  pluri- 
segmentectomies,  segmentectomies. 

Contact  Ultrasound  Localization  and 
Mapping  of  the  Intended  Resection 

Contact  ultrasound  is  indispensable  for  hepatic  resections. 
The  precise  localization  and  extent  of  the  lesion  especially 
when  this  is  intrahepatic  can  only  be  determined  by  contact 


ultrasound  scanning,  the  findings  of  which  determine  the 
extent  of  resection  segments  required.  In  contrast,  the 
mapping  of  the  outlines  of  the  resection  is  best  carried  out 
by  the  argon  plasma  spray  coagulation. 

Division  of  Falciform  Ligament 

Division  of  falciform  ligament  is  needed  for  major  right  and 
left  resections.  The  division  of  the  falciform  ligament  close 
to  the  liver  substance  is  best  carried  out  with  a  combination 
of  scissors  and  electrocoagulation  and  is  greatly  facilitated 
by  the  use  of  curved  coaxial  instruments.  The  round  ligament 
ligamentum  teres  can  be  left  undivided  except  in  patients 
undergoing  skeletonization  for  right  extended  hepatectomy. 

Exposure  of  Suprahepatic  Inferior  Vena  Cava  and 
Main  Hepatic  Veins 

Exposure  of  suprahepatic  inferior  vena  cava  and  main 
hepatic  veins  are  only  required  for  major  hepatectomies. 
The  two  leaves  of  the  falciform  ligament  separate  posteriorly 
to  envelop  the  suprahepatic  inferior  vena  cava  and  the  three 
main  hepatic  veins.  The  right  leaf  becomes  the  upper  leaf  of 
the  right  coronary  ligament  of  the  liver  and  the  left  becomes 
the  upper  layer  of  the  left  triangular  ligament.  These  both 
leaves  are  divided  after  soft  coagulation  with  the  curved 
coaxial  scissors.  Ultrasonic  shears  may  be  used  for  this 
purpose,  but  this  is  more  difficult  as  this  energized  device  is 
straight. 

The  peritoneal  division  is  extended  in  both  directions  to 
open  up  the  retrohepatic  caval  space,  which  consists  of 
relatively  avascular  loose  fibroareolar  tissue.  The  upper  end 
of  the  caval  canal  is  dissected  further  with  a  combination  of 
blunt  and  sharp  scissor  dissection  to  divide  fibrous  bands. 
As  the  dissection  precedes,  about  1.5  cm  of  the  inferior  vena 


Chapter  23:  Laparoscopic  Management  of  Hepaticopancreatic  Diseases 


285 


cava,  the  origin  of  the  right  hepatic  vein  are  exposed.  Further 
exposure  of  the  right  and  middle  hepatic  veins  is  achieved 
beneath  the  liver  and  from  the  right  side  required  for  a  right 
hepatectomy.  The  left  hepatic  vein  is  very  easily  exposed 
from  the  left  side  above  the  liver. 

Exposure  of  Infrahepatic  Inferior  Vena  Cava  and 
Division  of  the  Posterior  Minor  Hepatic  Veins 

Exposure  of  infrahepatic  inferior  vena  cava  and  division  of 
the  posterior  minor  hepatic  vein  is  necessary  for  the 
skeletonization  of  the  right  liver  necessary  for  a  right 
hepatectomy.  It  is  performed  by  retraction  of  the  inferior 
surface  of  the  right  lobe  of  the  liver  with  an  atraumatic  flexible 
ring  or  fan  retractor  to  put  the  peritoneum  sweeping  up  from 
the  right  kidney  to  the  liver  on  the  stretch.  This  peritoneum 
is  divided  with  the  curved  coaxial  scissors  and  soft 
electrocoagulation  over  a  wide  front  and  close  to  the  liver 
edge.  There  is  usually  little  fat  found  underneath  the 
peritoneum  except  in  very  obese  individuals. 

Once  the  peritoneum  is  divided  the  retractor  is  replaced 
which  gently  lifts  the  inferoposterior  aspect  of  the  liver 
upwards  to  expose  the  areolar  tissue  plane  covering  the  vena 
cava  and  the  minor  retrohepatic  veins  which  vary  in  number 
from  3  to  5.  The  infero-posterior  aspect  of  the  liver  is  lifted 
gently  but  progressively  to  expose  the  vena  cava  behind 
the  liver.  As  minor  hepatic  veins  are  encountered  draining 
into  the  inferior  vena  cava,  they  are  skeletonized  by  the 
curved  coaxial  scissors  and  then  clipped  before  they  are 
divided.  The  mobilization  continues  upwards  until  the  right 
and  middle  hepatic  vein  is  reached. 

Opening  the  Cave  of  Retius 

Opening  the  cave  of  Retius  is  common  to  both  right  and  left 
resections.  The  cave  of  Retius  refers  to  the  umbilical  fissure 
bridged  by  variable  amount  of  hepatic  tissue  anteriorly, 
which  overlies  the  ligamentum  teres  containing  the 
obliterated  umbilical  vein  on  its  way  to  join  the  left  branch 
of  the  portal  vein  at  the  bottom  of  the  pit.  The  bridge  of  liver 
tissue  is  crushed  and  coagulated  by  an  insulated  grasping 
forceps,  after  which  it  is  divided  which  will  separate  segment 
III  on  the  left  side  from  the  quadrate  lobe  opening  up  the 
cave  of  Retius  and  exposing  the  terminal  segment  of  the 
round  ligament. 

Hilar  Dissection 

The  dissection  of  the  hilum  commences  by  division  of  the 
peritoneum  along  the  margin  of  the  hepatic  hilum  to  expose 
the  common  hepatic  duct  and  its  bifurcation  and  the  right 
and  left  branches  of  the  common  hepatic  artery.  Further 
dissection  is  needed  to  bring  down  the  hilar  plate  and  to 


skeletonize  the  right  and  left  hepatic  ducts,  the  two  branches 
of  the  common  hepatic  artery  and,  more  posteriorly,  the 
two  branches  of  the  portal  vein  for  right  and  left  hepatectomy. 

Removal  of  the  Gallbladder 

Removal  of  the  gallbladder  en  bloc  with  the  hepatic 
substance  constitutes  an  integral  part  of  right  hepatectomy 
and  segmentectomy  involving  segments  IVa  and  V.  The 
dissection  of  the  cystic  duct  and  artery  is  followed  by  ligature 
or  clipping  of  the  medial  end  of  the  cystic  duct  and  clipping 
of  its  lateral  end  before  it  is  divided. 

Inflow  Occlusion  Prior  to  Hepatic  Resection 

Temporary  inflow  occlusion  of  the  vascular  supply  to  the 
liver  is  necessary  for  major  hepatic  resections  and  also  to 
reduce  the  ‘heat-sink  effect’  of  the  substantial  blood  flow 
through  the  liver  during  in  situ  ablation  by  cryotherapy  or 
radiofrequency  thermal  ablation.  Several  type  of  clamps  are 
available  for  this  purpose  but  the  most  suitable  are  the  parallel 
occlusion  clamps,  which  are  introduced  through  5.5  mm 
ports  by  means  of  an  applicator,  which  is  used  to  engage 
and  disengage  the  clamps.  Thus,  when  the  clamp  is  in  use  it 
does  not  occupy  a  port,  which  can  thus  be  used  for  dissection. 
The  application  of  these  parallel  occlusion  clamps  is  very 
easy  particularly  with  the  hand-assisted  approach  and 
minimal  dissection  is  required.  The  surgeon  just  makes  a 
small  window  through  an  avascular  area  of  lesser  omentum 
just  proximal  to  the  hepatoduodenal  ligament  enveloping 
the  bile  duct,  hepatic  arteries  and  portal  vein. 

The  parallel  occlusion  clamp  is  introduced  from  the  right 
by  means  of  its  applicator.  The  jaws  are  opened  as  the 
hepatoduodenal  ligament  is  reached  and  applied  across  the 
full  width  of  the  hepatoduodenal  ligament  and  then  released 
to  occlude  the  bile  duct,  portal  vein  and  hepatic  arteries.  It  is 
extremely  important  that  the  period  of  inflow  vascular 
occlusion  to  the  liver  does  not  exceed  30  minutes  at  any 
one-time  period. 

For  removal  of  the  clamp,  the  introducer  is  inserted 
through  the  port  and  used  to  engage  the  clamp,  which  then 
is  opened  and  removed  through  the  same  port  by  the 
introducer. 

Transection  of  the  Hepatic  Parenchyma 

The  transection  of  the  hepatic  parenchyma  for  all  the  major 
resections  should  be  carried  in  the  absence  of  a  positive- 
pressure  pneumoperitoneum.  In  hand-assisted  laparoscopic 
surgery,  this  translates  to  replacement  of  the  hand  access 
device  with  a  disposable  retractor  that  also  acts  as  a  wound 
protector  preventing  its  contamination  by  malignant  cells 
during  the  hepatic  resection  and  removal  of  the  specimen. 
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The  hepatic  resection  must  also  be  carried  out  with  a  low 
patient  CVP,  produced  by  a  head-up  tilt  and  appropriate 
vasodilator  medication  by  the  anesthetist. 

The  hepatic  artery  to  the  resection  area  is  best  secured  by 
clips  or  ligatures  in  the  liver  substance  rather  than 
extrahepatically.  The  vascular  stapling  or  ligature  and  division 
of  the  main  hepatic  veins  draining  the  liver  during  hepatectomy 
are  carried  out  at  the  end  of  the  parenchymal  transection. 

The  actual  technique  of  liver  resection  varies  from  simple 
finger  or  forceps  fracture  with  individual  clipping  or  ligature 
of  bile  ductules  to  use  of  energized  systems  like  ultrasonic 
dissection  or  LigaSure.  The  liver  parenchymal  surface  is  first 
coagulated  and  then  crushed  using  a  long-jawed  crushing 
laparoscopic  forceps  to  fracture  the  liver  parenchyma 
exposing  sizeable  vessels  and  ducts. 

All  sizeable  blood  vessels  and  bile  ducts  are  clipped  before 
being  cut.  As  the  cleft  deepens,  bands  of  liver  tissue,  which 
are  not  severed,  are  presumed  to  contain  large  vessels  which 
may  be  obscured  by  adherent  layer  of  liver  parenchyma.  In 
this  situation,  palpation  of  the  bridge  between  the  index 
finger  and  thumb  of  the  assisting  hand  will  identify  the  nature 
of  the  structure. 

All  sizeable  veins  can  be  transected  using  an  endolinear 
cutting  stapler  mounted  with  35  mm  vascular  cartridge 
introduced  through  the  minilaparotomy  wound. 

In  the  case  of  pluri-segmentectomy,  after  the  segment 
has  been  separated  on  three  sides,  it  often  remains  attached 
to  the  liver  by  bridge  of  liver  tissue.  If  this  connection  is  no 
thicker  than  1.0  cm,  it  is  simply  staple  transected  by  the 
application  of  the  endolinear  cutting  stapler  to  detach 
completely  the  area  from  the  liver. 

After  resection,  the  specimen  is  removed  through  the 
open  minilaparotomy  wound.  The  final  stage  consists  in 
securing  complete  hemostasis. 

Hemostasis  of  the  Cut  Liver  Surface 

Only  minor  oozing  happens  from  the  cut  liver  substance  if 
the  technique  of  hepatic  transection  has  been  performed 
correctly  and  in  the  presence  of  a  low  CVP  of  patient. 
Complete  hemostasis  is  achieved  by  argon  plasma 
coagulation.  Application  of  fibrin  glue  or  other  synthetic 
sealants  are  very  helpful  in  preventing  hemostasis. 

Insertion  of  Drains 

Once  the  resection  is  complete  before  the  retractor  is 
removed  and  the  wound  closed  using  mass  closure  with 
monofilament  polydioxanone  the  silicon  drain  should  be 
introduced.  It  is  advisable  to  insert  two  large  silicon  drains 
one  above  and  the  other  below  the  liver.  These  must  be 
sutured  to  the  abdominal  wall  to  prevent  accidental 


dislodgment  after  the  operation.  Effective  drainage  is  crucial 
to  prevent  postoperative  biloma. 

Postoperative  Management 

It  is  important  to  stress  that  these  patients  should  be  nursed 
postoperatively  in  a  hepatobiliary  unit  with  immediate  access 
to  high  dependency  and  intensive  care  if  needed.  The 
management  is  the  same  as  after  any  other  laparoscopic 
surgery  with  daily  monitoring  of  the  liver  function  tests, 
hematology  and  blood  urea  nitrogen  and  serum  electrolytes. 
Opiate  medication  and  sedation  are  avoided  in  patients  with 
compromised  liver  function.  Repeated  ultrasound  scan 
should  be  carried  out  in  all  patients  after  hepatic  resection. 
This  is  necessary  to  identity  early  fluid  collections  most  usually 
bile,  which  if  found  are  monitored  by  serial  ultrasound  studies 
and  aspirated  or  drained  percutaneously  under  radiological 
control  if  persistent. 

Using  right  technique,  necessary  expertise  and 
appropriate  technology,  laparoscopic  and  especially  hand- 
assisted  hepatic  resections  can  be  carried  out  safely.  The 
data  from  the  published  reports  to  date  indicate  benefits  over 
the  open  approach  and  these  include  reduced  blood  loss 
and  lower  postoperative  morbidity. 

LAPAROSCOPIC  PANCREATIC  SURGERY 

The  laparoscopic  management  of  pancreatic  disease  is  one 
of  the  most  challenging  in  laparoscopic  surgery.  This  is 
especially  true  when  considering  that  of  pancreatic  resection. 
Well  trained  laparoscopic  surgeons  have  found  that  operating 
on  the  pancreas,  like  virtually  all  intra-abdominal  procedures, 
is  technically  feasible.  Laparoscopic  principles  suggest  that 
the  patient  will  probably  benefit  from  less  postoperative  pain, 
improved  wound  cosmetics,  quicker  return  to  routine 
activities,  and  shorter  hospital  stay.  Ultimately  the  acceptance 
of  many  laparoscopic  operations  will  be  determined  by  their 
degree  of  difficulty,  the  operating  time,  the  cost  (both  hospital 
and  societal),  and  patient  outcomes. 

In  comparison  with  the  literature  available  on  other 
laparoscopic  operations,  the  information  available  on 
pancreatic  resection  is  too  scant  to  draw  firm  conclusions. 
However,  leaders  in  the  field  have  demonstrated  that 
pancreatic  resection  is  feasible,  and  are  carefully  examining 
their  outcomes  to  further  elucidate  the  role  of  this  technically 
demanding  procedure. 

Laparoscopic  procedures  for  the  pancreas  fall  into  four 
main  categories: 

1 .  Laparoscopic  staging  of  pancreatic  malignancy 

2.  Bilioenteric  or  gastroenteric  bypass 

3 .  Pancreatic  resection 

4.  Management  of  pancreatic  pseudocysts. 
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Anatomic  Considerations 

The  majority  of  the  pancreas  lies  in  a  retroperitoneal  position, 
transversely  oriented  from  the  second  and  third  portions  of 
the  duodenum  to  the  hilum  of  the  spleen.  Anterior  access  to 
the  gland  (body  and  tail)  is  readily  obtained  by  division  of 
the  gastrocolic  omentum.  This  division  may  be  performed 
by  electro-cautery,  multiple  individual  clip  applications  or 
vascular  stapling  devices,  or  ultrasonic  dissection. 

Access  may  be  obtained  through  the  gastrohepatic 
ligament,  although  the  exposure  is  usually  less  adequate. 
The  patient  is  positioned  in  slight  head-up  position  to  allow 
gravity  retraction  of  the  viscera.  An  oblique  angle  (30°  or 
45°)  telescope  is  necessary  for  adequate  visualization. 
Laparoscopic  ultrasound  is  proving  to  be  an  essential  tool 
for  many  aspects  of  pancreatic  surgery. 

Laparoscopic  Staging  of  Pancreatic  Malignancy 

Patients  with  pancreatic  malignancy  generally  present  at  later 
stages  of  disease.  Frequently  the  disease  is  unresectable  due 
to  tumor  size  or  tumor  metastases  by  the  time  symptoms 
occur.  Surgical  resection  for  pancreatic  cancer  still  offers  the 
only  reasonable  chance  at  a  cure.  Historically,  many  patients 
underwent  unnecessary  laparotomy  in  an  effort  to  assess 
resectability.  CT  scans  have  helped  many  patients  avoid  the 
morbidity  of  a  nontherapeutic  laparotomy.  However,  even 
with  this  modality,  unresectability  rates  at  laparotomy  can 
approach  60  percent.  This  is  most  often  due  to  the  presence 
of  unrecognized  peritoneal  metastases  (<1  cm)  and  tumor 
invasion  not  appreciated  on  CT  scan.  Spiral  CT  and  magnetic 
resonance  imaging  (MRI)  are  more  reliable  for  predicting 
unresectability,  but  are  still  not  adequate  in  our  opinion. 
Megibow  and  coworkers  reported  a  sensitivity  of  77  percent, 
a  specificity  of  50  percent,  and  an  overall  accuracy  of  73 
percent  for  dynamic  CT  scanning.  Also  in  their  study,  they 
found  no  additional  benefit  from  MRI. 

Diagnostic  laparoscopy  further  narrows  patient  selection 
for  therapeutic  laparotomy.  Warshaw  and  coworkers  found 
that  an  additional  35  percent  of  patients  could  avoid 
laparotomy  with  the  use  of  diagnostic  laparoscopy.  Despite 
improving  non-invasive  imaging  methods  since  Warshaw 
and  co worker’s  early  reports,  more  recent  studies  confirm 
Warshaw  and  coworker’s  initial  findings  that  a  significantly 
number  of  patients  (22  to  35%)  can  avoid  laparotomy  with 
the  use  of  staging  laparoscopy. 

Further,  the  sensitivity  for  evaluation  of  unresectable 
disease  appears  further  enhanced  with  the  addition  of  the 
laparoscopic  ultrasound  to  the  laparoscopic  staging 
procedure.  Callery  and  coworkers  use  a  multifrequency 
laparoscopic  ultrasound  probe  to  search  for  occult  metastases 
and  assess  posterior  invasion  into  vascular  structures  like 


the  portal  vein.  Tumors  other  than  pancreatic  were  included. 
Fifty  patients  were  referred  for  staging  laparoscopy  after 
interpretation  of  conventional  noninvasive  imaging 
modalities  had  determined  the  tumor  to  be  resectable. 
Laparoscopic  ultrasound  established  unresectability  in  11 
patients  (22%)  in  whom  staging  laparoscopy  alone  was 
negative.  In  another  study  by  John  and  coworkers  involving 
40  consecutive  patients  with  pancreatic  cancer  presenting 
for  diagnostic  laparoscopy,  laparoscopic  ultrasound  found 
an  additional  25  percent  (10  patients)  whose  disease  was 
unresectable  when  compared  with  laparoscopy  alone.  They 
found  the  use  of  ultrasound  significantly  improved  specificity 
and  accuracy  as  compared  with  laparoscopy  alone  (88% 
and  81%  vs  50%  and  60%,  respectively). 

Staging  Laparoscopy  Technique 

Patients  generally  undergo  staging  laparoscopy  on  the  same 
day  they  are  scheduled  for  resection.  Patients  are  placed  in 
the  supine  position  on  an  electrically  equipped  bed 
(preferably).  A  10  mm  trocar  is  placed  in  the  infraumbilical 
position  to  serve  as  the  camera  port.  The  abdomen  is 
insufflated  to  15  mm  Hg.  A  30°  laparoscope  is  used.  A  second 
port  of  5  mm  is  placed  in  the  right  midclavicular  line  several 
centimeters  from  the  subcostal  margin.  A  four-quadrant 
exploration  is  then  carried  out.  Grasping  devices,  biopsy 
forceps,  or  electrocautery  instruments  may  be  alternatively 
introduced  through  the  5  mm  port.  Important  peritoneal 
surfaces  to  visualize  for  areas  of  metastases  include  the 
undersurface  of  abdomen  including  falciform,  diaphragm, 
and  liver.  The  omentum  must  be  examined  thoroughly  and 
when  possible  retracted  superiorly  to  evaluate  the  base  of 
the  transverse  colon,  its  mesentery,  and  the  ligament  of  Treitz 
(this  may  require  an  additional  port) . 

If  there  is  evidence  of  unresectability,  the  procedure  is 
terminated.  Otherwise  laparoscopic  ultrasound  is  carried  out. 
A  second  10  mm  port  is  placed  in  the  right  midclavicular 
line  at  the  level  of  the  umbilicus.  Laparoscopic  ultrasound  is 
then  performed  using  a  9  mm  in  diameter  linear  array  7.5 
MHz  contact  ultrasound  probe  with  Doppler  flow  capability. 
The  liver  is  systematically  scanned  (anterior,  lateral,  inferior) 
at  penetration  depths  of  7  cm  for  evidence  of  metastatic 
spread  or  extent  of  primary  tumor  invasion.  Frequently; 
biliary  and  pancreatic  metastases  to  the  liver  have  a 
characteristic  bulls-eye  appearance  with  an  echoic  rim 
encircling  a  mixed-echo  tumor  center.  If  found,  biopsy  for 
such  lesions  may  be  attempted  percutaneously  with 
laparoscopic  ultrasound  guidance. 

Attention  is  then  turned  to  ultrasonic  evaluation  of  the 
porta  hepatic,  peripancreatic,  para-aortic,  and  celiac  axis  for 
evidence  of  nodal  disease.  Lymph  nodes  greater  than  10 
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mm  may  be  biopsied.  Laparoscopic  ultrasound  with  Doppler 
flow  capability  is  then  used  to  help  locate  and  assess  the 
potential  for  tumor  extension  to  surrounding  peripancreatic 
vascular  structures  (primarily  portal  vein,  but  also  superior 
mesenteric  vein  and  artery,  and  celiac  axis). 

Bilioenteric  or  Gastroenteric  Anastomosis 
for  Pancreatic  Malignancy 

Unresectable  patients  might  be  candidates  for  biliary  or 
enteric  bypass.  The  risk  and  benefits  of  bypass  must  be 
weighed  against  existing  palliative  options,  the  patient’s 
condition,  existing  or  impending  obstruction,  and  expected 
length  of  survival  based  on  tumor  burden.  For  most  patients 
with  unresectable  disease,  life  expectancy  can  be  expected 
to  be  less  than  1  year.  Proper  management  tailored  to  the 
individual  patient’s  needs  is  important  so  as  to  offer  as  much 
quality  of  life  free  from  hospitalization  as  possible. 

Commonly,  patients  will  present  with  some  degree  of 
biliary  obstruction  or  will  suffer  from  it  during  the  course  of 
the  disease.  Most  patients  with  obstructive  jaundice  are  best 
treated  by  placing  an  endoscopic  or  percutaneous  stent.  The 
success  rate  is  high  (85%),  with  a  low  associated  mortality 
(1  to  2%).  Studies  comparing  open  bypass  with  those  stented 
endoscopically  for  obstructive  jaundice  found  no  advantage 
to  the  surgical  approach.  Morbidity  from  stent  placement 
includes  potentially  frequent  admission  to  hospital  (occlusion, 
infection)  and  significant  cost  for  endoscopic  retrograde 
cholangiopancreatography  (ERCP)  and  stent.  However, 
repeat  placement  has  become  less  necessary  with  the  use  of 
improved  techniques  and  stent  design.  Patients  may  present 
or  develop  distorted  duodenal  anatomy  that  makes  initial 
or  subsequent  stent  placement  impossible.  This  finding  may 
be  coupled  with  gastric  outlet  obstruction.  In  these  patients, 
bypass  procedures  may  be  offered  after  evaluation  of  surgical 
risk  or  life  expectancy. 

The  morbidity  of  open  surgical  bypass  is  substantial 
(19%).  Laparoscopic  biliary  (cholecystojejunostomy)  or 
gastric  bypass  (gastrojejunostomy)  is  feasible.  There  is 
potential  for  shorter  recovery,  shorter  return  to  activity;  and 
low  morbidity,  as  evident  in  several  small  studies.  Nathanson 
suggests  that  the  bypass  should  be  reserved  for  a  later  date 
from  the  diagnostic  laparoscopy  at  such  time  when  duodenal 
obstruction  precludes  repeat  stent  or  there  is  stent  failure 
(blockage,  recurrent  sepsis).  For  the  stomach,  failure  would 
include  when  symptoms  of  gastric  outlet  arise.  Conditions 
at  initial  laparoscopy  that  might  argue  for  immediate  bypass 
include  inability  to  stent  the  biliary  system  in  the  preoperative 
setting,  endoscopic  or  radiologic  evidence  of  impending 
duodenal  obstruction,  or  laparoscopic  impression  of  large 
locally  advanced  mass  with  minimal  to  no  evidence  of 
metastatic  spread. 


Biliary  and  Gastric  Bypass 

Cholecystojejunostomy  may  be  carried  out  if  the  gallbladder 
is  present  and  suitable  for  anastomosis,  and  the  cystic  duct 
is  patent  and  its  junction  to  the  common  bile  duct  (CBD)  is 
far  from  the  tumor.  Frequently  this  information  is  available 
by  preoperative  imaging  studies  (ERCP  or  percutaneous 
transluminal  cholangiography) .  If  not,  patency  of  cystic  duct 
and  its  relation  to  primary  tumor  location  may  be  obtained 
by  performing  a  cholangiogram  after  cannulation  of  the 
gallbladder.  Similarly,  laparoscopic  ultrasound  may  be  used 
for  such  an  assessment. 

For  either  anastomosis,  patients  are  positioned  supine 
and  the  port  placement  is  the  same.  A 10  mm  trocar  is  placed 
at  the  inferior  umbilical  region  and  a  30°  telescope  is  used. 
Additional  ports  and  operating  room  personnel  are 
positioned. 

The  omentum  and  transverse  colon  are  elevated  with 
instruments  introduced  through  the  epigastric  and  either  12 
mm  port.  The  small  bowel  is  traced  back  to  the  ligament  of 
Treitz.  A  loop  of  small  bowel  is  then  chosen  that  will 
comfortably  reach  stomach  and  gallbladder  without  tension 
(note  that  this  is  true  once  the  transverse  colon  and  omentum 
are  allowed  to  return  to  normal  position).  For  the  biliary 
bypass,  a  cholecystotomy  is  performed  with  electrocautery 
on  the  gallbladder  fundus.  The  biliary  contents  are  then 
aspirated.  An  enterotomy  is  performed  on  the  antimesenteric 
surface  of  the  chosen  small  bowel  loop.  A  30  mm  endoscopic 
stapler  is  introduced  through  the  right  12  mm  port.  The  jaws 
of  the  stapler  are  opened  and  one  arm  of  the  stapler  is 
inserted  into  the  enterotomy.  The  jaws  of  the  stapler  are 
then  closed  to  function  as  a  large  grasper.  The  stapler  and 
small  bowel  contained  within  are  then  maneuvered  adjacent 
to  the  cholecystotomy.  The  jaws  of  the  stapler  are  opened 
again  and  the  free  arm  of  the  stapler  maneuvered  into  the 
cholecystotomy.  Assistance  is  provided  by  a  blunt  grasping 
instrument  inserted  through  the  additional  ports  (epigastric) . 
After  proper  alignment  is  assured,  the  stapler  is  fired  to 
complete  the  anastomosis.  The  original  sites  may  be  closed 
with  additional  firings  of  the  stapler.  At  this  point  the 
endoscopic  stapler  will  be  introduced  through  the  left  12 
mm  port.  Care  must  be  taken  not  to  narrow  the  anastomosis 
or  the  lumen  of  the  small  bowel  significantly. 

To  fashion  the  gastric  bypass,  a  dependent  site  is  chosen 
along  the  greater  curvature.  The  gastrocolic  omentum  is 
divided  close  to  the  greater  curve  within  the  gastroepiploic 
arcade  for  a  distance  of  approximately  3  to  4  cm  with  the 
ultrasonic  scalpel  or  by  electrocautery.  A  gastrotomy  is  made 
on  the  greater  curvature.  The  anastomosis  will  be  formed 
along  the  greater  curve  but  will  extend  into  the  posterior 
wall  of  the  stomach.  Typically,  the  stapled  anastomosis  will 
be  created  by  introducing  the  stapler  through  the  right 
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12  mm  port.  The  anastomosis  should  consist  of  two  firings 
of  the  30  mm  endoscopic  linear  cutter. 

Ideally,  the  stapled  anastomosis  should  be  aligned  to 
cross  the  greater  curvature  to  the  posterior  surface  (i.e. 
through  the  area  of  divided  gastrocolic  omentum).  If 
fashioned  in  this  way,  the  original  puncture  sites  will  be  easier 
to  close  and  the  anastomosis  more  dependent. 

Laparoscopic  Pancreatic  Resection 

Indications  for  complete  or  partial  pancreatic  resection 
include: 

•  Adenocarcinoma 

•  Insulinoma  (neuroendocrine) 

•  Chronic  pancreatitis. 

Improved  technique  and  postoperative  care  have 
rendered  morbidity  and  mortality  for  pancreatic  resection, 
including  Whipple’s  procedure,  to  less  than  5  percent. 
Laparoscopic  techniques  could  potentially  lower  this  rate 
even  more  or  at  least  afford  less  pain  and  a  more  rapid 
recovery. 

Laparoscopic  Whipple’s  procedure  was  first  carried  out 
by  Gagner  in  a  small  series  of  three  patients  with  various 
diseases  (pancreatitis,  ampullary  cancer,  adenocarcinoma). 
He  subsequently  has  reported  on  a  pylorus-preserving 
technique  performed  in  one  patient  with  pancreatitis.  The 
initial  experience  indicates  that  it  is  technically  feasible,  but 
because  of  its  operative  time,  complexity,  and  as  yet  no 
demonstrated  improvement  in  outcome,  this  procedure  must 
be  considered  investigational.  Hand-assisted  laparoscopic 
surgery  may  make  pancreatic  resection  more  practical. 

Laparoscopic  pancreatic  procedures  involving  distal 
pancreatectomy  appear  to  hold  more  promise  at  present. 
Soper  and  coworkers  reponed  success  with  his  technique  in 
the  pig  model.  Gagner  and  coworkers  successfully  performed 
distal  pancreatectomy  for  a  variety  of  disease  processes 
including  islet  cell  tumors,  cystadenocarcinoma,  and 
pseudocyst.  The  spleen  was  preserved  in  all  cases  and 
operating  times  ranged  from  2.5  to  5  hours.  Cases  were 
managed  with  the  patient  in  the  left  lateral  position,  with 
pancreatic  division  carried  out  with  a  60  mm  linear  cutter. 
Others  are  reporting  initial  success  with  distal  resection. 

Laparoscopic  Management  of  Pancreatic 
Pseudocyst 

Pancreatic  pseudocysts  may  be  defined  as  a  collection  of 
pancreatic  secretions,  serous  fluid,  or  necrotic  debris 
surrounded  by  a  nonepithelialized  wall  made  up  of 
granulation  tissue  and  variable  degree  of  fibrous  tissue. 
Pancreatic  pseudocysts  must  be  distinguished  from  true  cysts 
of  the  pancreas,  which  are  characterized  histologically  by 
the  presence  of  an  epithelial  lining.  Pseudocyst  formation  is 


the  result  of  a  post-  inflammatory  process  arising  from 
patients  with  acute  or  chronic  pancreatitis.  An  understanding 
of  the  natural  history  of  pancreatic  pseudocyst  is  important 
when  deciding  on  invasive  therapy  versus  expectant 
management.  Studies  like  those  by  Bradley  and  coworkers 
had  a  great  influence  in  the  management  of  pseudocystic 
disease.  Bradley  and  coworkers  suggested  the  likelihood  of 
regression  diminished  and  the  likelihood  of  complications 
rose  dramatically  after  a  6  weeks  period.  More  recent  data 
suggest  that  this  patient  population  may  be  watched  safely 
for  longer  periods.  Yeo  and  coworkers  followed 
asymptomatic  patients  with  pseudocysts  by  CT  scanning  for 
1  year  (48%  were  successfully  observed  with  only  a  2.7% 
complication  rate).  The  only  predictor  for  intervention  was 
size  greater  than  7.4  +/-0.6  cm. 

General  asymptomatic  patients  with  pancreatic 
pseudocyst  may  be  followed  up  for  extended  periods  of  time. 
This  conservative  approach  is  more  likely  to  be  successful 
in  patients  with  small  6  cm  pseudocysts.  Other  options  are 
available  for  drainage  procedures  (e.g.  percutaneous 
transgastric,  ERCP). 

LAPAROSCOPIC  PSEUDOCYST  DRAINAGE 

Preoperative  decision  making  and  subsequent  laparoscopic 
operative  approach  should  mimic  that  of  open  operative 
planning.  The  selection  of  procedure  will  depend  on  the 
anatomic  location  of  the  pseudocyst,  pseudocyst  size,  and 
associated  pancreatic  duct  or  distal  common  bile  duct 
abnormalities. 

Reports  by  Newell  and  coworkers  document  that 
pseudocyst-gastrostomy  is  technically  easier  than 
pseudocyst-jejunostomy,  while  remaining  equally 
efficacious.  Laparoscopic  pseudocyst-gastrostomy  is 
technically  easier,  but  cyst-jej unostomy  is  also  technically 
feasible  for  the  cyst  not  amenable  to  gastric  drainage  by 
standard  surgical  principles. 

Laparoscopic  pseudocyst-gastrostomy  was  first 
performed  by  Petelin  in  1991.  Principles  of  operative 
drainage  include  biopsy  of  cyst  wall  to  rule  out  neoplasm, 
dependent  drainage,  and  precise  hemostatic  technique  to 
avoid  hemorrhage. 

The  patient  position  and  port  placement  are  the  same 
as  described  for  the  bypass  procedure.  The  pseudocyst  may 
often  be  seen  pushing  the  stomach  forward.  A  small 
gastrotomy  is  established  with  cautery  over  the  most 
prominent  portion  of  the  pseudocyst.  Ultrasound  may  be 
helpful  in  locating  the  pseudocyst  and  the  site  of  the  initial 
gastrotomy.  The  gastrotomy  is  then  extended  for  several 
centimeters  with  electrocautery. 

A  small  window  is  developed  through  the  posterior  wall 
of  the  stomach  with  electrocautery.  One  must  remember 


290 


Section  2:  Laparoscopic  General  Surgical  Procedures 


that  the  posterior  wall  of  stomach  and  cyst  capsule  will  be 
fused  and  that  this  requires  a  deeper  dissection  with  cautery 
than  felt  comfortable  by  the  surgeon.  Ultrasound  may  be 
helpful  to  plan  dissection  where  the  stomach  wall  or  cyst  is 
thinnest.  The  window  is  made  large  enough  to  accommodate 
the  endoscopic  stapler.  A  biopsy  of  the  wall  may  be  carried 
out  at  this  time.  Two  firings  of  the  stapler  are  used  to  create 
a  substantial  anastomosis  (stapler  insertion  through  the  more 
comfortable  12  mm  pon,  usually  the  right).  Hemostasis  at 
the  staple  line  should  be  assured.  The  gastrotomy  is  closed 
with  either  sutures  or  staples. 

CONCLUSION 

The  laparoscopic  approach  to  hepatic  and  pancreatic  surgery 
has  rapidly  been  shown  to  be  of  considerable  value.  The 
laparoscopic  approach  to  the  pancreas  has  value  with  respect 
to  staging,  bypass  procedures,  and  pseudocyst  drainage. 
Pancreatic  resection  is  feasible,  but  must  still  be  considered 
investigational. 
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Diagnostic  Laparoscopy 


Diagnostic  laparoscopy  is  a  minimally  invasive  surgical 
procedure  that  allows  the  visual  examination  of  intra¬ 
abdominal  organs  in  order  to  detect  pathology.  The 
procedure  allows  the  direct  visual  examination  of  intra¬ 
abdominal  organs  including  large  surface  areas  of  the  liver, 
gallbladder,  spleen,  peritoneum,  pelvic  organs,  and 
retroperitoneum.  Biopsies,  aspiration,  and  cultures  can  be 
obtained,  and  laparoscopic  ultrasound  may  be  used. 

Diagnostic  laparoscopy  is  safe  and  well  tolerated  and 
can  be  performed  in  an  outpatient  or  inpatient  setting  under 
general  anesthesia.  There  may  also  be  unique  circumstances 
where  office  based  diagnostic  laparoscopy  may  be 
considered  under  local  anesthesia.  These  circumstances 
should  include  only  procedures  where  complications  and 
the  need  for  therapeutic  procedures  through  the  same  access 
are  extremely  unlikely.  Manipulation  and  biopsy  of  the 
viscera  is  possible  through  additional  ports.  Diagnostic 
laparoscopy  is  the  most  commonly  performed  gynecological 
procedure  today.  Its  greatest  advantage  is  that  it  has  replaced 
exploratory  laparotomy. 

Diagnostic  laparoscopy  was  first  introduced  in  1901, 
when  Kelling,  performed  a  peritoneoscopy  in  a  dog  and 
was  called  “celioscopy”.  A  Swedish  internist  named 
Jacobaeusc  is  credited  with  performing  the  first  diagnostic 
laparoscopy  on  human  in  1910.  He  described  its  application 
in  patients  with  ascites  and  for  the  early  diagnosis  of 
malignant  lesions. 

In  last  ten  years  laparoscopy  has  made  a  great  difference 
to  the  diagnosis  of  abdominal  acute  and  chronic  pain.  It 
has  evolved  as  an  informative  important  method  of 
diagnosing  a  wide  spectrum  of  both  benign  and  malignant 
diseases.  Elective  diagnostic  laparoscopy  refers  to  the  use 
of  the  procedure  in  chronic  intra-abdominal  disorders. 
Emergency  diagnostic  laparoscopy  is  performed  in  patients 
presenting  with  acute  abdomen. 


INDICATIONS 

The  indications  for  diagnostic  laparoscopy  can  be  divided 
into  two  main  groups. 

Non-traumatic,  Non-gynecological  Acute 
Abdomen  Like 

•  Appendicitis 

•  Diverticulitis 

•  Duodenal  perforation 

•  Mesenteric  adenitis 

•  Intestinal  adhesion 

•  Omental  necrosis 

•  Intestinal  infarction 

•  Complicated  Meckel’s  diverticulum 

•  Bedside  laparoscopy  in  the  ICU 

•  Torsion  of  intra-abdominal  testis. 

Gynecological  Abdominal  Emergencies  Like 

•  Ovarian  cysts 

•  Pelvic  inflammatory  diseases 

•  Acute  salpingitis 

•  Ectopic  pregnancy 

•  Endometriosis 

•  Perforated  uterus  due  to  criminal  abortion 

•  Salpingitis. 

One  of  the  important  uses  for  diagnostic  laparoscopy  is 
the  investigation  of  female  infertility.  Tubal  causes  of  infertility 
are  found  in  15  percent  of  couple.  In  these  patients 
laparoscopy  not  only  allows  tubal  patency  to  be  assessed  but 
also  enables  other  features  in  the  pelvis  to  be  examined.  Most 
important  findings  related  to  infertility  is  kinking  of  the  tube, 
fimbrial  damage  or  ovarian  adhesions.  The  presence  of  corpus 
luteum  is  considered  as  good  evidence  of  current  ovulation. 
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If  tubal  recanalization  surgery  is  planned,  it  is  good  idea 
to  perform  a  preliminary  laparoscopy  to  asses  the  prospect 
of  successful  anastomosis.  If  the  length  of  remaining  tube  is 
less  than  2  cm  the  recanalization  surgery  should  not  be 
attempted  and  IVF  should  be  tried. 

Ovarian  biopsy  can  also  be  taken  at  the  time  of  diagnostic 
laparoscopy  to  diagnose  the  cause  of  amenorrhea  and 
infertility.  Although  the  functional  test  of  ovarian  stimulation 
by  gonadotropin  releasing  hormone  is  more  in  use  but  it 
can  be  still  of  help  if  the  presence  of  primordial  follicles  is  in 
doubt  in  primary  amenorrhea  or  premature  ovarian  failure. 

CONTRAINDICATIONS 

Contraindications  may  include: 

•  Hemodynamic  instability 

•  Mechanical  or  paralytic  ileus 

•  Uncorrected  coagulopathy 

•  Generalized  peritonitis 

•  Severe  cardiopulmonary  disease 

•  Abdominal  wall  infection 

•  Multiple  previous  abdominal  procedures 

•  Late  pregnancy. 

However,  the  final  decision  is  determined  not  only  by 
the  clinical  condition  of  patients,  but  also  by  the  surgeon’s 
judgment. 

Choice  of  Anesthesia 

Diagnostic  laparoscopy  can  be  performed  under  local 
anesthesia.  Sedation  with  diazepam  and  pethidine  can  be 
used  to  make  patient  unaware  of  procedure  because 
unpleasant  sensation  of  stretching  of  peritoneum  due  to 
pneumoperitoneum  cannot  be  abolished  by  local  anesthesia. 

Local  anesthetic  four  percent  Xylocain  can  be  injected 
subcutaneously  over  inferior  crease  of  umbilicus  (Fig.  24.1). 


Fig.  24.1 :  Local  anesthesia  can  be  used  for  diagnostic  laparoscopy 


Epidural  anesthesia  is  not  liked  by  many  anesthetists 
because  to  anesthetize  the  entire  peritoneum  high  block  is 
necessary  and  it  would  interfere  with  intercostal  nerves  and 
respiration  will  be  affected.  General  anesthesia  with  good 
muscle  relaxation  is  ideal  in  laparoscopic  surgery. 

LAPAROSCOPIC  ANATOMY 

Diagnostic  laparoscopy  can  be  necessary  for  many 
undiagnosed  surgical  problems  and  knowledge  of 
laparoscopic  anatomy  of  whole  abdomen  is  necessary. 
However,  most  common  indication  of  diagnostic 
laparoscopy  is  gynecological  and  especially  infertility. 

From  anterior  to  posterior,  following  important  tubular 
structures  are  found  crossing  the  brim  of  true  pelvis.  The 
round  ligament  of  the  uterus,  the  infundibulopelvic  ligament, 
which  contains  the  gonadal  vessels  and  the  ureter.  The 
ovaries  and  fallopian  tube  are  found  between  the  round 
ligament  and  the  infundibulopelvic  ligament  (Fig.  24.2). 

The  fallopian  tubes  arise  from  the  superior  portion  of 
the  uterus  just  above  the  attachment  points  of  the  round 
ligament.  Laparoscopically,  the  round  ligaments  overhang 
the  fallopian  tube  because  of  uterine  manipulation  and  can 
be  easily  mistaken  for  them.  The  fallopian  tubes  towards 
their  lateral  end  encircle  the  ovaries  partially  with  their 
fimbriated  ends. 

If  the  uterus  is  deviated  to  the  contralateral  side  with  the 
help  of  uterine  manipulator  infundibulopelvic  ligament  is 


Fig.  24.2:  Laparoscopic  anatomy  of  normal  pelvis:  (1)  Uterus; 
(2)  Round  ligament;  (3)  Utero-ovarian  ligament  (proper  ovarian 
ligament);  (4)  Uterosacral  ligament;  (5)  Ovary;  (6)  Suspensory 
ligament  of  the  ovary;  (7)  Ureter 


294 


Section  2:  Laparoscopic  General  Surgical  Procedures 


spread  out  and  a  pelvic  side  wall  triangle  is  created.  The 
base  of  this  triangle  is  the  round  ligament,  the  medial  side  is 
the  infundibulopelvic  ligament,  and  the  lateral  side  is  the 
external  iliac  artery.  The  apex  of  this  triangle  is  the  point  at 
which  the  infundibulopelvic  ligament  crosses  the  external 
iliac  artery  (Fig.  24.3). 

Patient  Position 

The  anesthetized  patient  is  placed  on  the  operating  table 
with  the  legs  straight  or  lithotomy  position  if  female.  The 
lithotomy  position  will  allow  the  gynecologists  and  assistant 
to  work  simultaneously  and  uterine  manipulation  would  be 
possible.  The  thighs  must  not  be  flexed  onto  the  abdominal 
wall  as  they  would  be  in  the  full  lithotomy  position  used  for 
other  open  surgical  gynecological  procedures.  The  operating 
table  is  tilted  headup  or  down  by  approximately 
15°  depending  on  the  main  area  of  examination. 
Compression  bandage  may  be  used  on  leg  during  the 
operation  to  prevent  thromboembolism  especially  if  patient 
is  in  lithotomy  position. 

Position  of  the  Surgical  Team 

Before  starting  diagnostic  laparoscopy  a  best  guess  is  made 
about  the  quadrant  in  which  pathology  is  likely  to  be  found. 
The  surgeon  should  stand  opposite  to  this  quadrant  to  allow 
direct  view  into  this  quadrant.  If  the  pathology  is  more  likely 
in  pelvic  cavity  the  surgeon  stands  on  left  side  of  the  patient. 
The  first  assistant,  whose  main  task  is  to  position  the  video 
camera,  is  also  on  the  patient's  left  side.  The  instrument 
trolley  is  placed  on  the  patient's  left,  allowing  the  scrub  nurse 
to  assist  with  placing  the  appropriate  instruments  in  the 
operating  ports.  Television  monitors  are  positioned  on  either 
side  of  the  top  end  of  the  operating  table  at  a  suitable  height 
for  surgeon,  anesthetists,  as  well  as  assistant  to  see  the 
procedure. 


Port  Position 

Generally  one  optical  port  in  umbilicus  and  one  5  mm  port 
in  left  iliac  fossa  are  required.  Some  gynecologists  put  their 
second  port  in  suprapubic  region  in  midline.  In  our  opinion, 
left  iliac  fossa  port  is  better  because  it  gives  elevation  angle 
of  30°  and  manipulation  angle  of  60°,  which  is  ergonomically 
better.  With  suprapubic  port  elevation  angle  of  instrument 
and  tubal  structure  is  90°  and  hence  lifting  up  of  ovary  and 
tube  may  be  difficult  without  grasping  it  (Fig.  24.4). 

During  diagnostic  laparoscopy  it  is  advisable  that  both 
telescope  and  probing  instrument  is  held  by  surgeon  himself 
as  he  knows  better  what  he  wants  to  see  and  where  he  wants 
to  concentrate  more  and  which  structure  he  wants  to  see  in 
magnified  close-up  view.  At  the  time  of  diagnostic 
laparoscopy  surgeon  should  try  to  be  very  gentle  with  the 
tubal  structure  and  bowel  so  that  adhesion  will  not  form 
and  stricture  of  tube  will  not  occur. 

Viewing  of  lateral  pelvic  organs  is  helped  by  the 
manipulation  of  mobile  structure  with  a  second  port 
introduced  through  the  left  iliac  fossa  port.  Many 
gynecologists  introduce  the  second  port  in  suprapubic  region 
but  the  elevation  angle  of  the  instrument  is  90°  and  the 
mobilization  of  organs  is  difficult. 

A  three-port  approach  should  be  used  if  there  is  any 
difficulty  in  manipulation  with  two  ports  especially  in  case 
of  extensive  adhesion. 

•  10  mm  umbilical  (optical) 

•  5  mm  suprapubic 

•  5  mm  right  hypochondrium. 

A  30°  telescope  is  employed  in  most  instances,  as  this 
facilitates  easier  inspection  of  the  deeper  peritoneal  cavity 
and  abdominal  organs.  The  secondary  ports  are  inserted 
under  laparoscopic  vision.  The  selected  site  on  the 
abdominal  wall  is  identified  by  finger  indentation  of  the 
parietal  peritoneum. 


Fig.  24.3:  Anatomy  of  adnexa 


Fig.  24.4:  Port  position  for  diagnostic  laparoscopy 
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The  optimum  incision  is  in  the  subumbilical  region.  The 
open  technique  for  trocar  insertion  is  recommended  if  patient 
presents  with  severe  abdominal  distension.  Nitrous  oxide  is 
used  if  diagnostic  laparoscopy  is  performed  in  local 
anesthesia  because  nitrous  oxide  has  its  own  analgesic  effect. 
Carbon  dioxide  is  the  preferred  gas  if  diagnostic  laparoscopy 
is  performed  under  general  anesthesia.  Insufflation  should 
be  very  slow  and  with  care  taken  not  to  exceed  12.0  mm  Hg. 

Operative  Procedure 

The  first  step  in  diagnostic  laparoscopy  is  thorough 
exploration,  just  as  during  exploratory  laparotomy.  A 
systematic  approach  to  exploration  is  essential  to  ensure 
that  nothing  is  missed. 

Systemic  Plan  of  Inspection  in  Mid  Abdomen 

Positioning  is  the  primary  means  of  displacing  the  bowel 
and  exposing  peritoneal  surfaces.  In  women  with  a  deep 
pelvis,  the  bowel  should  be  displaced  gently  into  the  upper 
abdomen,  using  a  blunt  probe  or  closed  blunt  grasping 
instrument  to  avoid  laceration  of  the  bowel  or  mesentery. 
An  additional  port  with  a  blunt  tipped  instrument  may  be 
used.  Occasionally,  fan  retractor  should  be  used  to  retract 
full  sigmoid  colon.  This  instrument  can  be  inserted  through 
a  5  mm  trocar  cannula  and  fanned  out  in  the  abdomen  to 
retract  the  bowel.  Some  common  findings  are  shown 
(Figs  24.5  to  24.11). 

Inspection  of  Pelvis 

Patient  should  again  positioned  in  steep  Trendelenburg’s 
position. 
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Fig.  24.5:  Hemangioma 


Fig.  24.6:  Carcinomatosis 


Fig.  24.7:  Endometriosis 


After  assessing  the  genital  organs,  the  gynecologist  may 
wish  to  view  areas  outside  the  pelvis.  This  should  be  done 
by  tilting  the  table  head  up  or  laterally  to  examine  the 
paracolic  or  sub-diaphragmatic  spaces.  Systematic  plan  of 
inspection  of  pelvis  is  shown  in  (Figs  24.9A  to  C). 

ROLE  OF  LAPAROSCOPY  IN  ASCITES 

Although  the  determination  of  the  etiology  of  ascites  is 
usually  straight  forward  by  history,  physical  examination, 
and  analysis  of  ascitic  fluid,  the  diagnosis  of  tuberculous  or 
carcinomatous  ascites  may  be  elusive.  In  such  cases, 
laparoscopy  with  biopsy  is  highly  accurate.  Peritoneal 
mesothelioma  is  frequently  missed  on  ascitic  fluid  by  cytology 
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Figs  24.8A  to  H:  Ectopic  pregnancy 
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The  full  length  of  fallopian  tube 
from  cornua  to  fimbriae 


The  round  ligament  j 


Anterior  cul-de-sac 


± 


Uterus 


Systematic  plan  of  inspection  of  lower  abdomen 

Patient  in  steep  Trendelenburg's  position 


Systematic  plan  of  inspection  tn  mid-abdomen 


Reverse  the  Trendelenburg's  tilt 


Figs  24.9A  to  C:  Systematic  plan  of  inspection  of  pelvis 


Fig.  24.10:  Bicornuate  uterus 


and  by  blind  biopsy.  This  entity  is  readily  diagnosed  by 
laparoscopy  with  peritoneal  biopsy.  Laparoscopy  may  be 
useful  in  the  evaluation  of  hepatic  malignancy  (either  primary 
or  metastatic) .  Eighty  percent  to  90  percent  of  these  lesions 
are  present  on  the  hepatic  surface  and  up  to  2/3  of  the  liver 
surface  may  be  inspected  by  laparoscopy.  When  surgical 
resection  is  a  therapeutic  option,  laparoscopy  may  reveal 
small  (1  cm  or  less)  metastatic  lesions,  peritoneal  metastases, 
or  cirrhosis,  which  represent  contraindications  to  resection 


Fig.  24.11 :  Polycystic  ovary 


and  are  frequently  missed  on  CT,  MRI,  and  US.  The  use  of 
laparoscopic  ultrasound  allows  detection  of  deeper  lesions 
and  vascular  infiltration. 

In  studying  the  role  of  laparoscopy  in  the  diagnosis  and 
differential  diagnosis  of  ascites  out  of  2,500  patients  who 
underwent  laparoscopy  30.89  percent  had  ascites;  liver 
cirrhosis  underlays  it  in  57.78  percent,  peritoneal  carcinosis 
in  26.29  percent,  primary  and  metastatic  carcinoma  in  12.95 
percent,  tuberculous  peritonitis  in  1.42  percent,  more  rarely 
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other  diseases.  Liver  cirrhosis,  malignant  tumors  and  the 
other  hepatic  affections  with  concomitant  ascites  in  their 
course  can  certainly  be  diagnosed  laparoscopically. 
Laparoscopy  with  oriented  biopsy  of  peritoneum  and  liver 
is  of  decisive  importance  in  differentiating  peritoneal 
carcinosis  from  tuberculosis.  In  peritoneal  carcinosis  the 
diagnosis  (as  based  in  clinical  and  laboratory  findings) 
coincided  perfectly  with  the  laparoscopic  and  histologic  one 
in  24.5  percent,  partially  in  45.5  percent.  In  30  percent  there 
was  no  congruence  at  all.  Laparoscopy  and  the  test  methods 
associated  with  it  contributed  to  the  accurate  diagnosis  of 
peritoneal  carcinosis  in  75.5  percent  of  the  patients.  Ovarian 
carcinoma  (20.9%)  and  cancer  of  the  stomach  (16.3%) 
underlay  peritoneal  carcinosis  most  frequently,  other 
diseases  by  far  more  seldom. 

Diagnostic  peritoneoscopies  was  performed  in  226 
patients  with  ascites.  Satisfactory  examination  was  possible 
in  220  patients.  Clinical  diagnosis  was  confirmed  at 
peritoneoscopy  in  82.7  percent  of  patients.  Peritoneoscopic 
examination  corrected  the  clinical  diagnosis  in  13.7  percent, 
was  inconclusive  in  2.6  percent  and  was  incorrect  in  0.8 
percent  of  cases.  It  was  100  percent  diagnostic  in  malignant 
peritonitis  and  89.5  percent  in  patients  with  tuberculous 
peritonitis.  Pseudomyxoma  peritoneal  and  mesothelioma 
were  suspected  in  one  patient  each  at  peritoneoscopy  and 
was  confirmed  histologically.  The  utility  of  routine  ascitic 
fluid  examination  was  reviewed  in  all  patients.  The  ascitic 
fluid  was  transudative  in  81.9  percent,  exudative  in  8.6 
percent  and  indeterminate  in  9.5  percent  of  patients  with 
cirrhosis  of  liver.  Patients  with  tuberculous  peritonitis  had 
exudative,  transudative  and  indeterminate  ascites  in  71.8 
percent,  3.2  percent  and  25  percent  respectively.  The  ascites 
in  patients  with  malignant  peritonitis  was  either  exudative 
(80%)  or  indeterminate  (20%).  There  was  considerable 
overlap  in  the  nature  of  ascites  present  in  the  three  groups 
of  patients.  We  therefore  conclude  that  peritoneoscopy  is 
the  most  valuable  investigation  in  the  diagnosis  of  ascites, 
particularly  in  exudative  and  indeterminate  types. 

The  Value  of  Laparoscopic  Diagnosis  of  TB 

The  laparoscopic  and  pathological  diagnoses  of  43  patients 
who  underwent  abdominal  laparoscopy  for  various 
indications  are  presented.  Major  indications  for  the 
laparoscopy  included  hepatomegaly  in  32  patients,  ascites 
in  28,  and  pyrexia  of  unknown  origin  (PUO)  in  18  patients. 
A  combination  of  two  or  more  of  these  indications  was  a 
more  common  feature.  The  most  frequently  encountered 
laparoscopic  diagnoses  were  tuberculosis  and  chronic  liver 
disease  (16  patients  each),  followed  by  cancer  (9  patients). 
However,  on  pathological  examination  of  peritoneal  or  liver 
biopsy  tissue  and  on  follow-up,  tuberculosis  was  confirmed 


in  12  patients,  chronic  liver  disease  in  14  patients  and 
hepatocellular  carcinoma  in  11  patients.  No  complications 
were  encountered  during  the  laparoscopy.  Our  findings 
indicate  that  abdominal  laparoscopy  is  a  safe,  quick  and 
inexpensive  diagnostic  tool,  particularly  when  appropriate 
and  adequate  tissue  is  taken  for  pathological  examination. 
In  such  instances,  laparoscopy  would  save  an  unnecessary 
laparotomy,  especially  where  tuberculosis  and  cancer  are 
considered  in  the  differential  diagnosis. 

Due  to  its  high  accuracy  some  suggest  PCR  before 
laparoscopy.  In  the  light  of  our  accumulated  experience, 
we  would  suggest  that  PCR  of  ascetic  fluid  obtained  by  US- 
guided  fine  needle  aspiration  is  now  the  investigation  of 
choice  for  patients  with  the  described  clinical  and  radiological 
presentations  and  should  at  least  be  attempted  before 
surgical  intervention.  If  the  result  is  negative,  diagnostic 
laparoscopy  or,  if  this  is  not  feasible,  laparotomy  should  be 
performed. 

Role  of  Laparoscopy  in  Carcinoma  Assessment 

A  pretherapeutic  staging  system  to  design  operative  or 
neoadjuvant  treatments  in  gastric  cancer  is  needed.  It  can 
be  done  under  local  anesthesia  sensitive  predictor  of 
peritoneal  recurrence. 

Staging  laparoscopy  with  peritoneal  lavage  cytology  is 
a  safe,  effective  tool  in  patients  with  locally  advanced  gastric 
cancer,  especially  in  patients  receiving  neoadjuvant 
chemotherapy.  The  ability  of  minimally  invasive  surgeons 
and  endoscopists  to  diagnose  and  palliate  unrespectable 
pancreatic  cancer  is  likely  to  continue  to  improve  and  these 
techniques  will  play  an  increasingly  important  role  in  the 
care  of  patients  with  pancreatic  cancer.  Likewise,  the 
accuracy  of  radiological  imaging  techniques  to  detect  unre¬ 
spectable  disease  will  also  continue  to  advance  and  further 
decrease  the  incidence  of  nontherapeutic  laparotomies.  It 
is  valuable  in  many  therapeutic  uses  as  in  staging  of  tumor, 
catheter  placement  in  nephrogenic  ascites. 

Dialysis  Catheter  and  Laparoscopy 

Regarding  complications  of  dialysis  catheter  insertion  Tiong 
reported  surgical  early  and  late  complications  of  dialysis 
catheter.  Of  open  Tenckhoff  catheter  insertion  under  local 
anesthesia  in  a  single  institution.  A  review  was  carried  out 
on  164  insertions  in  139  patients  over  a  three-year  period. 
Tenckhoff  catheter  insertion  for  CAPD  is  a  procedure 
associated  with  significant  surgical  morbidity.  Patients  with 
diabetes  mellitus,  glomerulonephritis  and  ongoing  sepsis  are 
at  greater  risk  of  early  complications,  and  hence,  must  have 
their  conditions  stabilized  or  treated  before  surgery.  In 
addition,  prolonged  surgical  time  and  patients  with  previous 
abdominal  surgery  are  at  increased  risk.  The  rate  of 
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complications  may  be  improved  by  early  consideration  of 
patients  with  poor  tolerance  of  local  anesthetic  surgery  or 
with  previous  abdominal  surgery  for  laparoscopic  insertion 
under  general  anesthesia.  To  prevent  late  complications 
dominated  by  CAPD  peritonitis,  patient’s  nutritional  status 
and  care  of  the  catheter  should  both  be  optimized. 

Open  insertion  of  peritoneal  dialysis  (PD)  catheters  is 
the  standard  surgical  technique,  but  it  is  associated  with  a 
relatively  high  incidence  of  catheter  outflow  obstruction  and 
dialysis  leak.  Omental  wrapping  is  the  most  common  cause 
of  mechanical  problem;  laparoscopic  omental  fixation 
technique  is  of  higher  value  in  addition  to  laparoscopic 
surgery  also  enabled  diagnosis  of  intra-abdominal 
pathologies  and  treatment  of  the  accompanying  surgical 
problems  during  the  same  operation. 

Port-site  Metastasis 

The  risk  of  port-site  metastases  in  those  undergoing 
laparoscopy  for  gynecologic  malignancy  was  highest  in  those 
with  ascites  in  a  study  of  82  patients.  The  study  participants 
underwent  87  procedures  that  involved  330  trocar  sites.  The 
overall  risk  of  port-site  metastases  per  procedure  was  2.3 
percent,  and  per  port  site  was  2.4  percent,  Dr  Nimesh 
Nagarsheth,  at  an  international  congress  sponsored  by  the 
Society  of  Laparoendoscopic  Surgeons  reported  39  patients 
with  endometrial  cancer,  29  with  ovarian  cancer,  and  14  with 
cervical  cancer.  Twenty  of  those  were  treated  for  recurrent 
cancer,  and  10  had  ascites.  They  were  followed  for  an  average 
of  361  days.  Port-site  metastases  occurred  in  two  patients. 
The  first  developed  metastases  at  five  sites,  and  was  diagnosed 
13  days  after  second-look  laparoscopy  for  stage  IIIB  ovarian 
cancer.  The  second  had  metastases  at  three  sites,  and  was 
diagnosed  46  days  after  second-look  laparoscopy  for  stage 
IIIC  primary  peritoneal  cancer.  Both  patients  had  ascites. 

Laparoscopy  and  Ascites 

Laparoscopy  in  ascites  is  a  safe  and  cost  effective  diagnostic 
modality  and  its  rules  extended  the  diagnostic  procedure 
providing  in  unexplained  cause  of  ascites  definitive  diagnosis. 

In  such  instances,  laparoscopy  would  save  an 
unnecessary  laparotomy;  especially  where  tuberculosis  and 
cancer  are  considered  in  the  differential  diagnosis. 

DIAGNOSTIC  LAPAROSCOPY 

The  usual  site  of  insertion  of  the  trocar/cannula  for  diagnostic 
laparoscopy  is  below  or  to  the  side  of  the  umbilicus.  This  position 
may  require  to  be  altered  in  the  presence  of  abdominal  scars. 
The  use  of  a  30°  forward  oblique  telescope  is  preferable  for 
viewing  the  surface  architecture  of  organs.  By  rotation  of  the 
telescope,  different  angles  of  inspection  can  be  achieved. 


The  first  important  step  after  access  to  the  abdomen  has 
been  gained,  is  to  check  for  damage  caused  by  trocar 
insertion.  A  second  5  mm  port  may  then  be  inserted  under 
vision  in  an  appropriate  quadrant  to  take  a  palpating  rod. 

A  systematic  examination  of  the  abdomen  must  be 
performed  just  as  in  laparotomy.  We  begin  at  the  left  lobe 
of  the  liver  but  any  scheme  can  be  used  as  long  as  it  is 
consistent.  Next,  check  around  the  falciform  ligament  to  the 
right  lobe  of  liver,  gallbladder  and  hiatus.  After  checking  the 
stomach,  move  onto  the  cecum  and  appendix  and  check 
the  terminal  ileum.  Follow  the  colon  round  to  the  sigmoid 
colon,  and  then  check  the  pelvis.  Surgeon  should  be 
conversant  with  sampling  and  biopsy  techniques,  the  use 
of  position  and  manipulation  to  aid  vision. 

At  the  time  of  diagnostic  laparoscopy  all  the  abdominal 
organs  are  inspected  for  any  gross  anatomical  abnormalities. 
Abdominal  cavity  is  inspected  for  excess  of  fluids.  Samples 
are  taken  if  free  fluid  is  present  for  laboratory  tests  (chemistry, 
cytology  or  bacteriology).  Peritoneal  lavage  and  adhesiolysis 
may  need  to  be  performed  to  improve  visualization  of 
organs.  At  the  time  of  peritoneal  lavage  when  fluid  is  sucked 
from  the  cul-de-sac,  it  is  important  to  keep  all  the  holes  of 
the  suction-irrigator  beneath  the  level  of  the  fluid  to  avoid 
removing  pneumoperitoneum.  If  the  suction-irrigator  is 
positioned  improperly,  the  C02  gas  will  be  removed 
preferentially.  However,  with  high-flow  insufflators,  pneumo¬ 
peritoneum  rarely  is  lost  and  quickly  restored. 

When  performing  a  diagnostic  laparoscopy  to  confirm 
appendicitis,  a  5  mm  port  is  placed  in  the  left  iliac  fossa  to 
facilitate  manipulation.  The  patient  is  placed  head  down 
and  rotated  to  the  left  to  displace  the  small  bowel  from  the 
pelvis  and  allow  the  uterus  and  ovaries  to  be  checked.  This, 
however,  should  be  limited  to  avoid  contamination  of 
subphrenic  spaces,  if  this  is  not  already  present. 

Ending  of  the  Operation 

During  diagnostic  laparoscopy,  surgeon  can  perform 
therapeutic  laparoscopy  if  indicated  and  consent  from 
patient’s  relative  can  be  obtained. 

At  the  end  of  surgery,  abdomen  should  be  re-examined 
for  any  possible  bowel  injury  or  hemorrhage.  The  entire 
accessory  instrument  and  then  port  is  removed.  The 
telescope  should  be  removed  leaving  gas  valve  of  umbilical 
port  open  to  let  out  all  the  gas.  Once  the  complete  gas  is 
out,  for  removing  primary  cannula  telescope  or  any  blunt 
instrument  should  be  introduced  again  and  cannula  should 
be  pulled  over  that  instrument  to  prevent  pull  of  omentum 
or  bowel.  Wound  should  be  closed  with  suture.  Vicryl  should 
be  used  for  rectus  and  un-absorbable  intradermal  or  stapler 
for  skin.  Only  10  mm  port  wound  is  necessary  to  repair. 
Adhesive  sterile  dressing  over  the  wound  should  be  applied. 
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Patient  may  be  discharged  on  the  same  day  after 
operation  if  everything  goes  well.  The  patient  may  have 
slight  pain  initially  but  usually  resolves.  Diagnostic 
laparoscopy  is  a  useful  method  for  reducing  hospital  stay, 
complications  and  return  to  normal  activity  if  carried  on  in 
proper  manner. 

Laparoscopy  for  Abdominal  Trauma 

Trauma  is  the  leading  cause  of  death  between  1  and  44 
years.  In  all  age  groups,  it  is  surpassed  only  by  cancer  and 
atherosclerosis  in  mortality.  The  evaluation  and  treatment 
of  abdominal  injuries  are  critical  components  in  the 
management  of  severely  injured  trauma  patients.  Because 
missed  intra-abdominal  injuries  are  a  frequent  cause  of 
preventable  trauma  deaths,  a  high  index  of  suspicion  is 
warranted.  Multiple  factors,  including  the  mechanism  of 
injury,  the  body  region  injured,  the  patient’s  hemodynamic 
and  neurological  status,  associated  injuries,  and  institutional 
resources  influence  the  diagnostic  approach  and  the 
outcome  of  abdominal  injures. 

Laparoscopy  was  first  used  for  a  trauma  patient  in  1956 
by  Lamy,  who  observed  two  cases  of  splenic  injury.  Since 
then,  Gazzaniga  noted  that  laparoscopy  is  useful  for 
determining  the  need  for  laparotomy.  In  1991,  Berci 
reported  that  he  had  reduced  the  number  of  non-therapeutic 
laparotomies  performed  for  hemoperitoneum  by  25  percent 
through  the  use  of  laparoscopy  in  150  patients  with  blunt 
abdominal  trauma. 

Data  show  that  laparoscopy  is  a  useful  modality  for 
evaluating  and  managing  hemodynamically  stable  trauma 
patients  with  penetrating  injuries.  Increased  use  of 
laparoscopy  in  select  patients  with  penetrating  abdominal 
trauma  will  decrease  the  rate  of  negative  and  nontherapeutic 
laparotomies,  thus  lowering  morbidity,  decreasing  length 
of  hospitalization,  and  provide  for  more  efficient  utilization 
of  available  resources.  As  technology  and  expertise  among 
surgeons  continues  to  improve,  more  standard  therapeutic 
interventions  may  be  done  laparoscopically  in  the  future. 
Mandatory  surgical  exploration  for  gunshot  wounds  to  the 
abdomen  has  been  a  surgical  dictum  for  the  greater  part  of 
this  century.  Although  non-operative  management  of  blunt 
solid  organ  injuries  and  low-energy  penetrating  injuries  such 
as  stab  wounds  is  well  established,  the  same  is  not  true  for 
gunshot  wounds.  The  vast  majority  of  patients  who  sustain 
a  gunshot  injury  to  the  abdomen  require  immediate 
laparotomy  to  control  bleeding  and  contain  contamination. 
Non-operative  treatment  of  patients  with  a  gunshot  injury 
is  gaining  acceptance  in  only  a  highly  selected  subset  of 
hemodynamically  stable  adult  patients  without  peritonitis. 
Although  the  physical  examination  remains  the  cornerstone 
in  the  evaluation  of  patients  with  gunshot  injury,  other 


techniques  such  as  computed  tomography,  diagnostic 
peritoneal  lavage,  and  diagnostic  laparoscopy  allows 
accurate  diagnosis  of  intra-abdominal  injury.  The  ability  to 
exclude  internal  organ  injury  non-operatively  avoids  the 
potential  complications  of  unnecessary  laparotomy.  Clinical 
data  to  support  selective  non-operative  management  of 
certain  gunshot  injuries  to  the  abdomen  are  accumulating, 
but  the  approach  has  risks  and  requires  careful  collaborative 
management  by  emergency  physicians  and  surgeons 
experienced  in  the  care  of  penetrating  injury.  Sosa  reported 
121  consecutive  abdominal  gunshot  wounds  managed  with 
laparoscopy.  Seventy-nine  (65%)  had  negative  laparoscopy, 
and  these  patients  were  managed  without  laparotomy. 
Another  7.2  percent  avoided  nontherapeutic  laparotomy. 

It  is  very  important  to  determine  the  presence,  location, 
and  severity  of  intra-abdominal  injury  to  decide  the  surgical 
intervention;  and  to  thoroughly  evaluate  intra-abdominal 
organs  for  associated  injuries  in  the  trauma  patient.  For  stab 
wounds,  serial  physical  examination  is  supplemented  by 
local  wound  exploration,  diagnostic  peritoneal  lavage  (DPL), 
abdominal  US,  abdominal  CT,  magnetic  resonance  imaging 
(MRI),  and  in  some  cases,  angiography  to  maximize  the 
value  of  surgical  intervention  and  to  reduce  negative  and 
non-therapeutic  laparotomy.  Despite  their  many  positive 
qualities,  these  diagnostic  methods  have  some  drawbacks. 
DPL  is  an  invasive  but  sensitive  procedure;  it  may  result  in 
non-therapeutic  laparotomy  with  its  attendant  morbidity. 
The  use  of  CT  is  limited  to  the  hemodynamically  stable 
patient.  There  has  been  increasing  interest  in  the  use  of 
abdominal  US  because  it  is  portable,  noninvasive,  rapid, 
and  easily  repeatable.  However,  it  is  less  accurate  for 
diagnosis  of  diaphragmatic  and  hollow  viscera.  With 
experience  in  laparoscopic  cholecystectomy  and  the  advent 
of  improved  and  readily  accessible  laparoscopic  equipment 
and  devices,  laparoscopic  surgery  became  widespread  for 
intra-abdominal  operations,  setting  the  stage  for  renewed 
interest  in  its  applications  for  the  diagnosis  of  traumatic 
abdominal  injuries  and  examination  of  their  therapeutic 
potential. 

In  the  evaluation  and  management  of  the  abdominal 
injury,  current  diagnostic  methods  have  a  defined  sensitivity, 
specificity,  and  accuracy,  but  none  of  these  represents  a 
gold  standard.  Thus,  abdominal  exploration  by  laparotomy 
should  not  be  discarded  as  a  worthy  diagnostic  and 
therapeutic  procedure  for  patients  with  equivocal  and 
unreliable  findings.  It  is  associated  with  complication  rates 
as  high  as  40  percent  including  a  10  to  40  percent  negative 
laparotomy  rate,  a  20  percent  morbidity  rate,  a  0  to  5  percent 
mortality  rate,  and  a  3  percent  long-term  risk  of  bowel 
obstruction  secondary  to  adhesions. 

Laparoscopy  has  been  reported  infrequently  as  a 
therapeutic  tool  in  selected  trauma  patients.  Examples  of 
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therapeutic  laparoscopy  include  repair  of  diaphragmatic 
lacerations  with  sutures,  staples,  or  prosthetic  mesh; 
suturing  of  gastrointestinal  perforations;  hemostasis  of  low- 
grade  liver  and  splenic  lacerations;  resection  of  small  bowel 
and  colon;  cholecystectomy;  splenectomy;  and  distal  pan¬ 
createctomy.  Autotransfusion  of  collected  blood  from  the 
hemoperitoneum  is  another  potential  application.  Fabian 
in  a  large  study  of  182  trauma  patients,  reported  one  suture 
repair  of  diaphragmatic  injury.  Successful  laparoscopic 
repair  of  small  bowel,  colon,  and  rectal  injuries,  and 
laparoscopic  repair  of  a  small  gastric  stab  wound  using 
hernia  stapler  have  been  reported  recently.  For  the  repair 
of  solid  visceral  injuries,  there  are  three  methods  that  merit 
investigation:  The  totally  laparoscopic  procedure,  the 
laparoscopically  assisted  procedure,  hand-assisted 
laparoscopic  surgery  (HALS).  The  argon  beam  coagulator, 
fibrin  glue,  topical  hemostatic  agent,  and  absorbable  mesh 
may  be  beneficial  for  hepatic  and  splenic  lacerations. 
Laparoscopic  repair  of  bowel  injuries  can  be  performed 
using  suture  or  staples.  Primary  suture  repair  of  a  small 
bowel  injury  would  be  amenable  by  a  totally  laparoscopic 
procedure.  Using  a  porcine  model,  Pietrafitta  and  Soperet 
described  a  technique  for  an  intraperitoneal  functional  end- 
to-end  anastomosis  of  the  small  intestine.  Milsom  and 
Bohm  modified  these  techniques  and  reported  that  their 
technique  for  intracorporeal  intestinal  anastomosis  has 
been  proven  safe  in  dozens  of  animal  and  human 
procedures,  but  that  it  had  some  drawbacks.  It  requires  a 
long  operating  time  and  needs  two  or  three  30  mm  Endo- 
GIAs  and  a  skin  incision  for  specimen  retrieval.  Recently, 
animal  research  has  assessed  the  potential  for  hand-assisted 
laparoscopic  exploration  to  detect  traumatic  injuries.  Asbun 
reported  that  hand-assisted  laparoscopic  exploration  is 
more  accurate  than  laparoscopic  exploration  alone  in 
detecting  injuries  (63  vs.  38%),  but  that  it  still  resulted  in 
an  unacceptable  rate  of  missed  injuries. 

Hand-assisted  laparoscopic  surgery  allows  for  the 
application  of  minimally  invasive  surgical  techniques  to 
complex  intra-abdominal  operations,  particularly  when 
specimen  removal  is  required.  The  rationale  for  this 
approach  is  that  the  hand  offers  the  surgeon  some  advantage 
in  terms  of  tactile  feedback,  exposure,  retraction,  and 
orientation,  enabling  the  surgeon  to  perform  with  greater 
safety  and  efficiency.  Most  trauma  surgeons  consider 
omental  herniation  through  an  anterior  abdominal  stab 
wound  an  indication  for  laparotomy  because  frequently 
there  are  significant  intra-abdominal  injuries.  As  an 
alternative  to  laparotomy,  the  herniated  omentum  was 
evaluated  and  managed,  with  laparoscopy  performed 
through  the  abdominal  stab  wound  or  accessory  trocar.  If 
there  are  no  significant  injuries,  the  wound  can  be  managed 


without  further  treatment.  Depending  on  the  surgeon’s 
preference,  therapeutic  laparoscopy  can  be  continued. 

The  complications  of  laparoscopy  for  trauma  include 
not  only  the  usual  complications  of  anesthesia  and 
laparoscopy,  but  also  some  that  are  unique  to  the  trauma 
patient.  Fabian  independently  reported  the  development 
of  tension  pneumothorax  in  patients  with  diaphragmatic 
injury  from  positive-pressure  pneumoperitoneum.  If 
suspected,  induction  of  pneumoperitoneum  is  stopped,  and 
an  immediate  needle  thoracocentesis  is  performed,  followed 
by  a  tube  thoracostomy  if  needed.  However,  routine 
prophylactic  tube  thoracostomy  is  not  indicated.  The  risks 
of  gas  embolism  in  patients  with  intra-abdominal  venous 
injuries,  especially  liver  lacerations,  are  another  problem. 
Among  133  laparoscopic  examinations  of  trauma,  Smith 
did  encounter  this  complication  in  two  patients  with  injuries 
of  the  inferior  vena  cava  tamponaded  by  clot. 

This  potential  problem  of  laparoscopy  has  stimulated 
interest  in  “gasless”  laparoscopy  based  on  expansion  of 
the  peritoneal  cavity  by  mechanical  retractors.  In  addition 
to  averting  the  risks  of  tension  pneumothorax  and  gas 
embolism,  it  facilitates  the  use  of  conventional  instruments 
such  as  hemostats,  needles,  sutures,  and  electrocautery, 
resulting  in  significant  cost  savings.  The  major  disadvantage 
of  gasless  laparoscopy,  however,  is  the  excessive  cost  of  the 
powered  mechanical  arm  and  the  poor  exposure  in  the 
lateral  gutters.  Less  expensive  apparatus  to  lift  the  abdominal 
wall  is  expected.  The  transperitoneal  absorption  of  carbon 
dioxide  may  cause  metabolic  and  hemodynamic  changes 
such  as  acidosis,  cardiac  suppression,  atelectasis, 
subcutaneous  emphysema,  and  increased  intracranial 
pressure,  resulting  in  more  profound  consequences  for  the 
trauma  patient.  Joseph  demonstrated  that  carbon  dioxide 
(C02)  pneumoperitoneum  causes  significantly  increased 
intracranial  pressure  in  a  porcine  model  of  head  injury. 

The  results  of  this  study  led  them  to  recommend  the 
avoidance  of  C02  pneumoperitoneum  for  the  evaluation 
of  patients  with  head  injuries.  Undoubtedly,  gasless 
laparoscopy  could  replace  C02  pneumoperitoneum  in  these 
cases.  Missed  intra-abdominal  injuries  are  among  the  most 
frequent  causes  of  potentially  preventable  trauma  deaths. 
The  evaluation  and  management  of  abdominal  trauma  is 
dependant  on  multiple  factors,  including  mechanism  of 
injury,  location  of  injury,  hemodynamic  status  of  the  patient, 
neurological  status  of  the  patient,  associated  injuries,  and 
institutional  resources.  Therefore  careful  selection,  high  index 
of  suspicion,  and  a  low  threshold  for  laparotomy  will  provide 
the  patient  the  benefits  of  minimal  invasive  surgery  and 
reducing  the  rates  and  morbidity  of  unnecessary  laparotomy. 

The  diagnostic  laparoscopy  of  various  organs  is  shown 
in  Figures  24.12  to  24.17. 
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Fig.  24.14:  Acute  appendicitis 


Fig.  24.17:  Perforation  of  small  bowel 
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Complications 

Complications  may  occur  during  access,  trocar  insertion, 
or  the  diagnostic  manipulation  of  viscera.  These 
complications  include,  cardiac  arrhythmias,  hemodynamic 
instability  due  to  decreased  venous  return,  bleeding,  bile 
leak,  perforation  of  a  hollow  viscus,  laceration  of  a  solid 
organ,  vascular  injury,  gas  embolism,  and  subcutaneous  or 
extraperitoneal  dissection  of  the  insufflation  gas.  If  proper 
sterilization  of  instrument  is  not  done  then  wound  infection 
or  leakage  of  ascites  may  occur  postoperatively.  Failure  to 


accurately  diagnose  the  extent  of  intra-abdominal  pathology 
is  another  potential  complication  for  which  patient  may  have 
to  go  for  other  surgery. 

CONCLUSION 

Diagnostic  laparoscopy  is  one  of  the  very  important  methods 
of  investigation  for  patients  in  whom  the  diagnosis  or  extent  of 
the  disease  is  unclear  or  the  abdominal  findings  are  equivocal. 
It  can  be  performed  safely  in  an  inpatient  or  outpatient  setting, 
potentially  expediting  diagnosis  and  treatment. 


Chapter 


Laparoscopic 
Small  Bowel  Surgery 


Since  the  first  reports  of  laparoscopic  surgery  for 
inflammatory  bowel  disease  from  Peters  in  1992,  several 
literatures  have  subsequently  shown  the  potential  advantage 
of  Minimal  Access  surgery  for  small  bowel  surgery.  The 
increased  use  of  laparoscopy  in  the  management  of 
gastrointestinal  problems  continues  to  expand.  Procedures 
such  as  jejunostomies,  diagnosis  of  intestinal  obstruction  or 
ischemia,  resection  of  the  small  bowel,  and  lysis  of  adhesions 
can  be  managed  with  this  technique. 

LAPAROSCOPIC  RESECTION  OF  SMALL  BOWEL 

The  role  of  laparoscopy  in  resection  of  small  bowel  has 
increased  in  last  5  year.  Laparoscopic  small  bowel  resection 
can  be  performed  safely  in  the  setting  of  benign  as  well  as 
malignant  disease  and  imparts  many  of  the  benefits  of  minimally 
invasive  surgery.  The  affected  small  bowel  and  mesentery  can 
be  thoroughly  inspected  and  resected  laparoscopically  and 
bowel  continuity  restored  through  an  entirely  intracorporeal 
technique  or  laparoscopic  assisted  technique. 

Indications 

A  small  bowel  resection  is  the  surgical  removal  of  one  or 
more  segments  of  the  small  intestine.  Laparoscopic  small 
bowel  resection  with  primary  anastomosis  is  most  frequently 
indicated  for  benign  diseases. 

The  most  common  indications  are: 

•  Isolated  Crohn's  disease 

•  Gastrointestinal  stromal  tumors 

•  Benign  strictures,  and 

•  Vascular  malformations. 

Malignant  conditions  represent  relative  contraindications 
in  that  they  are  rare  and  if  diagnosed  or  suspected,  laparoscopic 
method  should  not  be  considered  as  method  of  choice.  The 
conduct  of  the  laparoscopic  operation  should  be  in  a  manner 
very  similar  to  that  of  a  conventional  small  bowel  resection. 


Patient  Positioning  and  Operating  Room  Setup 

The  patient  is  placed  supine  in  a  modified  lithotomy 
position  using  Dan  Allen  stirrups.  Surgery  is  begun  in  the 
Trendelenburg  position  (20°  head-down  tilt)  and,  after 
cannula  insertion,  the  patient  is  tilted  left  side  down  for 
ileal  surgery  or  the  right  side  down  for  jejunal  surgery 
(Fig.  25.1). 


Fig.  25.1:  Position  of  the  surgical  team  for  ileal  resection 


Chapter  25:  Laparoscopic  Small  Bowel  Surgery 


305 


After  insertion  of  port,  the  surgeon  stands  between  the 
legs.  The  scrub  nurse  should  stand  on  the  right  side  of  the 
patient  near  the  knee.  Assistant  stand  on  the  right  side  of 
surgeon  one  monitor  is  placed  close  to  the  patient's  right 
shoulder,  the  second  monitor  is  placed  near  the  left  shoulder, 
the  best  location  for  viewing  by  the  nurse. 

Port  Position 

Port  should  be  positioned  according  to  base  ball  diamond 
concept  and  should  be  opposite  to  the  site  of  pathology. 

For  jejunal  surgery,  the  left-  and  right-sided  cannulae 
may  suffice.  For  ileal  surgery,  it  may  be  preferable  to  use 
the  suprapubic  cannula  (Fig.  25.2). 

Operative  Technique 

Once  the  preoperative  diagnosis  is  confirmed  and  the 
surgeon  has  confirmed  that  laparoscopic  procedure  appears 
feasible,  the  pathology  is  located  by  walk  over  the  entire 
length  of  the  small  intestine  and  placing  a  suture  just 
upstream  of  the  pathology. 

Walk  over  the  small  bowel  is  accomplished  from 
proximal  to  distal  by  placing  the  patient  on  the  left  side  up, 
in  slight  reverse  Trendelenburg  position  until  the  mid  small 
bowel  is  reached,  then  adjusting  the  patient  to  the  right  side 
up  with  Trendelenburg  position  to  run  the  distal  half  of  the 
small  intestine. 

The  surgeon  should  start  the  "walk  over"  from  between 
the  legs  then  switch  to  the  left  side  of  the  patient  for  the 
distal  half.  The  technique  of  inspection  should  be  "hand¬ 
over-hand"  or  "hand-to-hand"  (Figs  25.3A  to  D)  based  on 
the  degree  of  freedom  present  within  the  abdominal  cavity. 

If  it  will  be  advantageous  to  divide  the  mesenteric  vessels 
before  delivery  of  the  specimen  through  the  abdominal 


Fig.  25.2:  Position  of  the  cannulae  for  ileal  resection 


incision,  this  should  ideally  be  done  using  ideally  LigaSure 
(Fig.  25.4). 

Main  vessel  supplying  the  affected  segment  can  also  be 
ligated,  and  leave  the  other  vessels  of  the  mesentery  to  be 
divided  through  the  incision.  This  may  be  especially  helpful 
in  a  patient  with  a  thick  abdominal  wall.  Once  the  specimen 
is  fully  mobilized,  a  port  site  is  enlarged  to  3-5  cm.  For  small 
incisions,  a  transverse  incision  is  preferred.  The  anterior 
rectus  sheath  is  transversely  incised,  the  rectus  muscles 
retracted,  and  the  posterior  sheath  also  transversely  incised. 
If  the  incision  has  to  be  larger  because  of  a  bulky  tumor,  a 
longitudinal  incision  in  the  midline  is  accomplished  above 
and  below  the  umbilicus. 

The  wound  is  protected  using  a  plastic  sheath 
and  the  loop  of  intestine  to  be  resected  is  drawn  out  through 
the  enlarged  incision  (Figs  25. 5A  and  B).  Wound  protection 
is  important  to  reduce  any  contamination  by  tumor  cells  or 
intestine  and  it  may  also  facilitate  the  specimen  extraction. 
The  resection  and  anastomosis  are  then  made  in  a  standard 
manner  extracorporeally,  either  by  a  hand-sewn  or  stapled 
method.  The  mesenteric  defect  is  usually  closed  with  a 
running  absorbable  suture  through  the  incision  (Figs  25. 6A 
and  B). 

After  performing  the  anastomosis,  the  abdomen  is  copiously 
irrigated  with  warm  sterile  saline  solution  through  the  incision. 
The  fluid  is  removed  by  placing  the  patient  in  the  head-up 
position  and  passing  a  sump  suction  cannula  into  the  pelvis. 
After  irrigation  of  the  peritoneal  cavity,  the  abdominal  wall  is 
closed  with  a  running  suture  or  a  series  single  suture. 

The  most  important  steps  of  laparoscopically  assisted 
small  bowel  surgery  are  to  localize  and  mobilize  the  diseased 
segment  and  deliver  it  through  a  small  incision  of  hand  port. 
The  laparoscopic  technique  has  become  procedure  of  choice 
for  isolated  benign  small  diseases.  Intracorporeal 
anastomosis  can  also  be  attempted  but  extracorporeal 
anastomosis  is  more  popular  at  this  time  because  most  of 
the  dissection  and  anastomosis  can  safely  be  performed 
using  conventional  techniques  through  a  small  incision  used 
to  remove  the  specimen. 

The  role  of  this  approach  in  cancer  surgery  is  limited.  If 
there  is  diffuse  spread  of  the  disease,  then  it  may  be 
reasonable  to  consider  a  laparoscopic  localization  of  the 
tumor  in  order  to  minimize  the  incision,  or  to  consider  only 
biopsy  and  no  resection.  Because  these  are  rare  tumors, 
and  there  is  no  proof  of  the  efficacy  of  a  laparoscopic  approach. 

ILEOCOLECTOMY 

Indications 

An  ileocolectomy  is  most  frequently  indicated  in  patients 
with  benign  disease,  i.e.  Crohn's  disease,  cecal  diverticulitis, 
intestinal  tuberculosis,  enteric  Behget's  disease,  submucosal 
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Figs  25.3A  to  D:  Walk  over  to  small  intestine  in  order  to  detect  pathology 


Fig.  25.4:  Dissection  mesentery  by  the  help  of  LigaSure 


tumors  (lipoma,  gastrointestinal  stromal  tumor,  lymphoma, 
carcinoid,  etc.),  giant  villous  adenoma  and  polyps,  located 
in  the  ileocecal  regions.  Indications  for  performing  a  limited 
ileocecal  resection  for  malignancies  of  the  terminal  ileum, 


the  appendix,  or  the  cecum  are  rare.  This  may  be  the 
procedure  of  choice  in  palliative  resection  for  cecal  cancer. 

Before  the  surgery  for  Crohn's  disease,  patients  should 
have  a  computed  tomography  scan,  small  bowel  series,  and 
a  full  colonoscopy  to  assess  the  localization  and  dimension 
of  any  phlegmon  or  abscess  or  the  presence  of  small  bowel 
stricture  or  fistula,  respectively.  The  preoperative  computed 
tomography  scan  is  also  useful  to  evaluate  periureteral 
inflammation  and  to  aid  in  the  decision  to  use  intraoperative 
ureteric  catheters.  Preoperative  enteral  or  parenteral 
nutritional  support  should  be  considered  in  selected  patients. 

Most  surgeons  would  agree  that  the  laparoscopic 
approach  is  contraindicated  in  patients  with  nonlocalized 
intra-abdominal  abscesses,  multiple  previous  bowel 
operations  with  possible  dense  adhesions,  fixed  mass  with 
multiple  fistulas,  acute  intestinal  obstruction,  and  perforation. 
Although  the  entire  operation  can  be  performed 
laparoscopically,  most  surgeons  prefer  a  laparoscopic- 
assisted  procedure  by  laparoscopic  mobilization  and 
extracorporeal  resection  and  anastomosis. 
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Figs  25.5A  and  B:  Loop  of  intestine  to  be  resected  is  drawn  out  through  wound  protector 


Figs  25.6A  and  B:  Resection  and  anastomosis  in  a  standard  manner  extracorporeally 


Operative  Technique 

The  patient  is  placed  in  the  Trendelenburg  position,  and 
three  or  four  ports  are  inserted  according  to  base  ball 
diamond  concept.  For  establishment  of  pneumoperitoneum, 
C02  is  channeled  through  the  infraumbilical  trocar  until  the 
intra-abdominal  pressure  reaches  12  mm  Hg.  Both  the 
operating  surgeon  and  camera  holder  stand  on  the  patient's 
left  side.  After  abdominal  exploration,  the  operation  table  is 
rotated  left  side  down  so  the  small  intestine  falls  toward  the 
left  upper  quadrant. 

The  ascending  colon  is  thoroughly  mobilized  from  the 
base  of  the  appendix  up  to  the  hepatic  flexure  by  cutting 
the  retroperitoneal  attachments  with  electrosurgical  scissors 
and  laparoscopic  coagulating  shears,  and  bluntly  dissecting 
the  retroperitoneal  fusion  fascia  and  loose  connective  tissue. 
With  this  procedure,  the  duodenum,  Gerota's  fascia,  and 


sometimes  more  interiorly  the  right  ureter  and  the  gonadal 
vessels  become  visible  beneath  the  retroperitoneal  fusion 
fascia.  During  dissection,  the  direct  grasping  and  handling 
of  diseased  bowel  loops  should  be  avoided,  to  prevent 
incidental  myotomies  and  enterotomies. 

In  patients  of  Crohn's  disease  with  ileovesical,  ileorectal, 
and  gastrocolic  fistulas,  division  with  an  intracorporeal 
stapling  device  by  one  or  two  firings  of  the  45  or  60  mm 
stapler  can  be  done.  After  mobilization  of  the  entire 
ascending  colon,  meticulous  hemostasis  is  made.  Then,  the 
patient  is  placed  in  a  reversed  Trendelenburg  position 
temporarily  and  the  abdomen  is  irrigated  with  warm  sterile 
saline.  The  patient  is  placed  in  a  flat  supine  position,  and 
pneumoperitoneum  is  released. 

To  exteriorized  the  bowel  loop  a  small  laparotomy  is 
performed  through  a  5  cm  long  skin  incision  made  at  the 
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umbilical  trocar  site  or  through  a  Pfannenstiel  incision.  A 
wound  protector  is  inserted  and  the  segments  of  the  colon 
are  delivered  through  this  incision.  Mesenteric  division, 
ileocolic  resection,  and  anastomosis  by  Gambee's  procedure 
using  4-0  absorbable  sutures,  or  functional  end-to-end 
anastomosis  using  linear  staplers  are  performed 
extracorporeally.  After  closure  of  the  mesenteric  defect,  the 
entire  residual  small  bowel  is  examined  through  the  incision, 
and  drain  tube  is  left  in  cul-de-sac  through  the  right  lateral 
trocar  site  if  necessary,  and  every  trocar  site  incision  is  closed 
with  skin  staplers. 

Laparoscopic-assisted  approach,  with  an  extracorporeal 
anastomosis,  rather  than  an  entirely  laparoscopic  approach 
with  an  intracorporeal  anastomosis  is  more  popular. 
Laparoscopic-assisted  approach  provides  the  benefits  of 
laparoscopic  surgery  while  maintaining  the  advantages  of 
open  bowel  division  and  anastomosis,  i.e.  speed,  low  risk 
of  intra-abdominal  stool  spillage.  Laparoscopic  small  bowel 
surgery  for  benign  conditions  continues  to  evolve.  When 
performed  by  surgeons  with  adequate  experience, 
laparoscopic  surgery  seems  to  demonstrate  advantages  over 
conventional  operations.  We  believe  at  this  time  that 
laparoscopic  ileocolectomy  should  be  considered  the  first- 
line  surgical  option  for  most  primary  resections  for  Crohn's 
disease  localized  to  the  ileocolic  region. 
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Laparoscopic  Colorectal  Surgery 


INTRODUCTION 

Laparoscopic  colon  resections  are  being  performed  with 
increasing  frequency  all  over  world,  though  the  use  of 
minimal  access  surgery  in  colorectal  surgery  has  lagged 
behind  its  application  in  other  surgical  fields.  Since  the  first 
laparoscopic  colectomy  was  described  in  1991,  a  great  deal 
of  controversy  has  surrounded  its  use,  particularly  in  the 
management  of  colorectal  cancer.  After  the  successful 
introduction  of  laparoscopic  colectomy  by  Jacobs, 
laparoscopic  surgery  for  the  treatment  of  colorectal  cancer, 
especially  laparoscopic  rectal  surgery,  has  been  developed 
considerably.  Several  important  new  studies  have 
demonstrated  the  benefits  and  safety  of  laparoscopic 
colorectal  surgery,  making  it  now  the  preferred  approach  in 
the  surgical  management  of  many  colorectal  diseases. 

The  technique  of  laparoscopic  colectomy  has  a  long 
learning  curve  because  of  the  advanced  laparoscopic  skills 
it  entails.  Unlike  other  laparoscopic  procedures,  such  as  the 
Nissen  fundoplication  or  cholecystectomy,  colorectal 
procedures  involve  dissection  and  mobilization  of  intra¬ 
abdominal  organs  in  multiple  quadrants.  Tilting  of  the 
operating-room  table  in  various  positions  during  an 
operation  uses  gravity  to  allow  intra-abdominal  organs  to 
fall  away  from  the  area  of  dissection,  providing  necessary 
exposure  that  would  normally  be  achieved  through  the  use 
of  retractors.  Intestinal  resection  requires  laparoscopic 
ligation  of  large  vessels,  mobilization  and  removal  of  a  long 
floppy  segment  of  colon,  and  restoration  of  intestinal 
continuity.  Once  the  colon  segment  has  been  completely 
mobilized  and  its  blood  supply  divided,  a  small  skin  incision 
is  made  to  exteriorize  the  colon,  a  resection  and  anastomosis 
are  performed  extracorporeally,  and  the  rejoined  colon  is 
placed  back  into  the  abdomen. 


The  laparoscopic  approach  continues  to  gain  popularity 
and  has  evolved  to  include  not  just  "pure"  laparoscopic 
techniques  but  also  hand-assist  devices.  Hand-assisted  surgery 
can  be  used  as  a  bridge  for  surgeons  who  are  not  completely 
familiar  or  facile  with  laparoscopic  techniques,  and  even  for 
the  most  experienced  laparoscopic  surgeons,  it  is  often  the 
preferred  technique  for  surgery  involving  left-sided  pathology 
(Fig.  26.1).  Use  of  a  hand-assist  device  provides  tactile 
feedback  for  the  surgeon,  and  shortens  operating-room  time 
while  still  preserving  many  of  the  advantages  of  laparoscopic 
surgery.  By  combining  laparoscopic  surgery  with  the  tactile 


Fig.  26.1:  Hand  assisted  colorectal  surgery 
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feedback  of  a  hand-assisted  device,  surgeons  can  reduce 
operating-room  time  and  have  a  lower  procedure  conversion 
rate.  The  technique  involves  making  an  incision  the  width  of 
a  hand  and  placing  a  hand-assist  device  to  facilitate 
laparoscopic  dissection.  New  hand  port  devices  make  this 
technique  possible  without  loss  of  pneumoperitoneum,  which 
is  essential  for  performing  laparoscopic  procedures.  Because 
an  incision  (4-5  cm)  is  necessary  to  remove  the  colon 
specimen  at  the  end  of  a  laparoscopic  operation,  the  difference 
between  a  pure  laparoscopic  procedure  and  a  hand-assisted 
operation  is  generally  a  few  additional  centimeters  (3-4  cm) 
of  incision  length.  Several  clinical  trials  have  demonstrated 
that  there  is  no  difference  in  patient  recovery  or  discharge  for 
laparoscopic  versus  hand-assisted  techniques.  Larger  incisions 
are  often  needed  and  because  of  the  increased  risk  of  wound 
infections  and  pulmonary  complications,  this  technique  has 
particular  advantages  with  overweight  or  obese  patients. 

Most  patients  are  candidates  for  a  laparoscopic 
approach.  When  the  surgeon  is  experienced,  even  patients 
with  a  history  of  abdominal  surgery  are  candidates.  Though 
there  are  clear  benefits,  they  have  not  been  as  compelling 
when  compared  to  the  clear  advantages  associated  with 
other  laparoscopic  procedures.  The  main  reason  is  that  a 
colectomy,  whether  open  or  laparoscopic,  results  in  a 
delayed  return  of  bowel  function.  Though  recovery  of  bowel 
function  is  quicker  after  laparoscopic  surgery,  the  difference 
is  on  the  order  of  one  or  two  days,  resulting  in  a  similar 
reduction  in  length  of  hospital  stay.  Also,  the  laparoscopic 
approach  is  associated  with  longer  operating-room  times. 
Even  if  long-term  benefits  are  equivalent  between  open  and 
laparoscopic  techniques,  the  short-term  benefits  are  real 
advantages  for  patients.  In  practical  terms,  the  laparoscopic 
approach  is  associated  with  less  pain,  a  faster  recovery, 
earlier  return  of  bowel  function,  a  shorter  hospital  stay, 
possible  immune  benefits,  and  smaller  scars,  making  it  the 
preferred  method  for  intestinal  resection. 

The  lack  of  tactile  feedback  during  laparoscopic  surgery 
can  make  tumor  localization  difficult,  especially  if  the  lesion 
location  has  not  been  tattooed  on  the  colon  wall  before 
surgery.  It  is  imperative  that  the  exact  location  of  the  tumor 
is  known  prior  to  proceeding  with  colectomy.  Even  when 
the  lesion  location  has  been  tattooed  onto  the  colon,  often 
the  mark  can  be  difficult  to  see,  or  there  may  be  confusion 
regarding  the  location  of  the  tattoo  in  relation  to  the  tumor 
(proximal  or  distal),  which  can  affect  surgical  margins. 
Intraoperative  colonoscopy  is  a  way  of  definitively  localizing 
a  lesion  and  should  be  available  during  all  laparoscopic 
colectomies.  Traditional  colonoscopy  uses  room  air  as  the 
insufflating  gas,  which  leads  to  significant  bowel  distension 
and  requires  clamping  of  the  proximal  colon  to  minimize 
this  effect.  Clamping  the  bowel  can  lead  to  injury,  and  even 
when  it  is  successfully  performed,  the  degree  of  distension 


often  makes  simultaneous  laparoscopic  visualization  difficult. 
These  problems  can  be  circumvented  with  the  use  of  C02, 
rather  than  room  air,  as  the  insufflating  gas.  Because  C02  is 
absorbed  much  more  rapidly  than  room  air,  bowel  distension 
is  minimized  and  dissipates  quickly,  making  proximal 
clamping  unnecessary.  Use  of  C02  allows  for  laparoscopic 
and  endoscopic  procedures  to  be  performed  simultaneously, 
and  this  technique  has  been  shown  to  be  safe  and  clinically 
useful.  Besides  tumor  localization,  C02  colonoscopy  may 
have  other  potential  applications. 

Port  Site  Metastasis 

In  the  early  experience  of  laparoscopic  colectomy  for  cancer,  a 
few  reports  described  immediate  tumor  recurrence  at  the 
laparoscopic  incision  sites,  referred  to  as  port  site  recurrences 
(Fig.  26.2).  It  was  hypothesized  such  early  cancer  recurrence 
happened  after  laparoscopy  due  to  tumor  shedding  and/or 
accelerated  tumor  growth,  secondary  to  the  presence  of  gas  in 
the  peritoneal  cavity.  However,  multiple  reviews  have  indicated 
that  this  is  not  the  case.  In  one  such  study,  which  included  over 
2600  cases,  the  rate  of  port  site  recurrence  was  approximately 
1  percent,  which  is  similar  to  that  noted  in  open  colorectal 
surgery.  It  is  not  currently  believed  that  laparoscopic  colectomy 
is  associated  with  early  wound  recurrences. 

Port  site  implantation  was  a  concern  in  early  period  but 
it  has  been  shown  now  that  it  can  be  prevented  by: 

•  Proper  protection  of  port  site  while  delivering  the 
specimen.  (Endobags®  and  pouches). 

•  Avoid  squeezing  of  the  specimen  by  taking  a  liberal 
incision. 


Fig.  26.2:  Port  side  metastasis  after  laparoscopic  surgery 
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Section  2:  Laparoscopic  General  Surgical  Procedures 


•  Thorough  wash  to  the  wound,  5FU  solution  irrigation 
of  all  ports. 

•  Slow  release  of  pneumo-peritoneum. 

•  Lap-lift  technique 

Cost  can  be  brought  down  by  either  doing  a  hand  sewn 
anastomosis  through  the  specimen  delivery  site  or  use  of 
conventional  stapler  for  extra-corporeal  stapled  anastomosis. 
Minimal  use  of  disposable  ports  and  instruments  can  further 
cut  down  the  cost.  Use  of  ultrasonic  energy  source  in  form 
of  harmonic  shears  (Ethicon®  and  USSC®)  has  added  to 
the  cost  of  lap  surgery. 

The  two  burning  issues  are  port  site  metastasis  in 
malignancies  and  cost  factor  due  to  use  of  endostaplers.  As 
mentioned  earlier  for  benign  condition  like  rectal  prolapse, 
adenomas,  rectal  polyposis  and  inflammatory  condition  like 
tuberculosis,  ulcerative  colitis,  simple  diverticulitis,  and 
laparoscopic  surgery  offers  a  patient  friendly  technique. 
Crohn's  though  not  very  common  in  India,  but  laparoscopy 
can  be  offered  for  diagnosis,  lymph  node  sampling  and 
curative  resection.  Ileocecal  tuberculosis  is  commonly  seen 
in  our  country  and  it  is  a  good  option  to  offer  the  benefits  of 
laparoscopy  to  these  patients  whenever  surgery  is  indicated. 
Incidental  colonic  resection  is  unlikely  to  help  the 
laparoscopic  surgeon  team  in  mastering  the  techniques. 
Reduction  of  OT  time  due  to  better  coordination  and  cost 
benefit  to  patients  can  only  be  offered  by  repetitive 
performances.  A  dedicated  team  effort  will  surely  bring  this 
specialty  under  the  umbrella  of  minimal  access  surgery  as 
has  happened  in  western  world. 

Bowel  Preparation  in  Colorectal  Surgery 

Though  widely  accepted  as  sensible  and  logical  it  has  never 
been  subjected  to  any  really  stringent  scrutiny.  The  ideal 
method  of  mechanical  preparation  should  be  simple, 
inexpensive,  without  distress  and  side  effects  to  the  patient. 
However,  such  an  ideal  method  does  not  exist.  It  must  be 
chosen  with  respect  to  patient  acceptability,  efficiency  and 
influence  on  fluid  and  electrolyte  imbalance  and  on  fecal 
micro  flora.  The  conventional  method  involves  a  3-day 
regimen  consisting  of  low  residue  and  clear  liquid  diet 
combined  with  purgation  using  laxatives  and  enemas. 
Although  satisfactory  in  bowel  cleansing  in  about  70  percent 
of  patient,  it  is  rather  exhausting  due  to  reduced  calorie 
intake.  It  is  time  consuming  and  may  result  in  dehydration 
if  the  patient  drinks  inadequate  amount  of  fluids.  These 
disadvantages  stimulated  the  development  of  more  reliable, 
efficient  and  quicker  methods  which  includes. 

Elemental  Diets 

Low  residue  liquid  or  elemental  diets  were  used  with  the 
intention  that  nutrients  could  be  absorbed  in  the  small 


intestine.  Although,  these  results  in  a  low  fecal  bulk, 
satisfactory  cleansing  is  obtained  in  only  17  percent  of  the 
patients.  Nausea  and  vomiting  can  occur  and  evidence  does 
not  favor  elemental  diets  as  a  sole  means  of  bowel 
preparation. 

Whole  Gut  Irrigation 

Saline:  Normal  saline  is  instilled  through  a  nasogastric  tube 
at  a  constant  rate  of  50  to  70  ml  per  minute  in  4  hours 
requiring  a  total  of  10  to  14  liters  of  fluid.  Cleansing  effect  is 
achieved  in  90  percent  of  the  patients  however  the 
concentration  of  colonic  bacteria  is  not  reduced  unless 
antibiotics  are  added.  Many  patients  complain  of  abdominal 
distension,  nausea  and  vomiting.  Other  drawbacks  of  this 
method  include  the  large  volume  of  irrigant,  need  of 
nasogastric  tube,  risk  of  electrolyte  disturbance  and  water 
retention  and  nursing  care  required  to  assist  the  patient.  It  is 
contradicted  in  patients  with  gastrointestinal  obstruction, 
perforation,  toxic  colitis  and  has  to  be  used  with  caution  in 
patient  with  cardiac  problems. 

Castor  oil:  (30-60  ml)  orally  achieves  good  cleansing  but 
requires  large  volume  of  magnesium  citrate  purgative  to 
achieve  the  desired  results  and  requires  to  be  given  two 
days  before  surgery  followed  by  anal  washouts  a  day  prior 
which  entails  preoperative  admissions  for  3  to  4  days. 
Unpalatibilty  is  another  drawback. 

Mannitol:  Mannitol  is  a  nonabsorbable  oligosaccharide 
which  acts  as  an  osmotic  agent  by  pulling  fluid  into  the  bowel 
and  producing  a  purgative  effect  by  irritating  the  colon.  Being 
a  sugar  it  is  quite  palatable  and  can  be  flavored  by  mixing 
with  fruit  juice.  Usually  4  liters  of  5  percent  solution  are 
consumed  over  4  hours  which  can  be  difficult  and  can  result 
in  abdominal  discomfort  and  nausea.  To  avoid  these  side 
effects,  hypertonic  solutions  (10  to  20  percent)  can  be  used 
but  these  predispose  to  dehydration  and  electrolyte  losses. 
Overall,  good  cleansing  is  produced  in  about  80  percent  of 
the  patients  a  high  wound  infection  rate  probably  by  acting 
as  a  bacterial  nutrient  and  production  of  explosive  gases  as 
a  result  of  fermentation  into  methane  and  hydrogen  by 
anaerobic  bacteria  is  seen.  The  same  can  be  overcome  by 
using  of  an  antibiotic. 

Polyethylene  glycol:  To  overcome  the  drawbacks  of 
mannitol,  polyethylene  glycol  (PEGLAC)  in  a  balanced 
electrolyte  solution  was  introduced  which  also  acts  as  an 
osmotic  purgative  (Fig.  26.3). 

To  achieve  satisfactory  cleansing  in  more  than  90  percent 
of  the  patients,  an  average  of  2  to  4  liter  of  PEGLAC  solution 
must  be  ingested  with  tea  and  lemon.  Studies  using  PEG 
have  shown  significantly  lower  incidence  of  fluid  retention 
and  lesser  aerobic  and  anaerobic  fecal  bacterial  counts 
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An  empty  digestive  tract  facilitates 
the  layering  of  intestinal  loops.  It  is 
achieved  by  a  strict,  fiber-free  diet 
8  days  prior  to  surgery 
Polyethylene  giycol  is  prescribed 
2  days  before  surgery  to  complete 
the  intestinal  preparation. 
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Fig.  26.3:  Bowel  preparation  in  colorectal  surgery 


compared  to  other  agents.  It  is  nowadays  used  as  an  agent 
of  choice  for  preparations  of  the  bowel  before  endoscopy 
and  colonic  surgery  in  a  non-obstructed  patient. 

Picolax:  It  (sodium  picosulphate  and  magnesium  citrate)  is 
a  stimulant  purgative  that  acts  mainly  on  the  left  colon  after 
activation  by  colonic  bacteria  and  on  osmotic  laxative  that 
cleanses  the  proximal  colon.  Two  sachets  in  2  liters  of  water 
are  administered  with  dietary  restriction  to  improve 
effectiveness.  Although  acceptable  cleansing  is  achieved  in 
85  percent  of  patients  undergoing  barium  enema  and 
colonoscopy,  its  efficacy  for  elective  colorectal  operations 
is  poorly  documented.  Picolax  is  well  tolerated  but  does 
produce  fluid  and  electrolyte  losses. 

Antibiotic  Bowel  Preparations 

Mechanical  cleansing  alone  has  failed  to  achieve  a  significant 
reduction  in  the  total  bacterial  load  of  the  colon  and  therefore 
the  associated  septic  complications.  Addition  of  antibiotics 
oral  as  well  as  parenteral  to  mechanical  cleaning  has  resulted 
in  significant  reduction  of  the  infection  rate  from  30  to  60 
percent  in  an  uncovered  patient  to  2  to  10  percent  in 
otherwise  patients  covered  with  wide  spectrum  antibiotics. 

Oral  Antibiotics 

Because  the  aerobic  Escherichia  coli  and  the  anaerobic 
bacteroides  fragilis  are  frequently  involved  organisms  in 
septic  complications  following  colorectal  operations,  oral 
antibiotics  active  against  both  types  of  bacteria  must  be 
given.  Oral  administration  of  erythromycin,  neomycin  and 
metronidazole  are  popular.  Several  studies  have 
documented  the  efficacy  of  oral  antibiotics  however 
antimicrobial  used  alone  without  mechanical  cleansing  has 
little  impact  on  the  postoperative  infection  rate. 

Parenteral  Antibiotics 

Since  parenteral  antibiotics  are  effective  only  when  adequate 
tissue  levels  are  present  at  the  time  of  contamination, 


systemic  administration  should  start  immediately  before  the 
surgery.  A  second  or  third  generation  cephalosporin  with 
metronidazole  is  the  most  commonly  preferred  agents. 
Studies  have  shown  conflicting  results  when  parenteral 
antibiotics  were  compared  with  oral  or  both.  Whether 
antibiotics  bowel  preparation  should  be  oral,  systemic  or 
both  are  still  a  controversial  issue.  Majority  of  the  surgeons 
would  prefer  parenteral  antibiotics  or  with  concomitant 
administration  of  oral  antimicrobials  together  with  oral 
PEG  LAC  electrolyte  solution  as  the  method  of  choice  of 
preoperative  bowel  preparation. 

Though  observational  data  suggest  that  mechanical 
bowel  preparation  before  colorectal  surgery  reduces  fecal 
mass  and  bacterial  count  in  the  lumen,  but  the  practice  has 
been  questioned  because  the  bowel  preparation  liquefies 
feces,  which  could  increase  the  risk  for  intraoperative  spillage, 
and  may  be  associated  with  bacterial  translocation  and 
electrolyte  disturbance.  Though  commonly  practiced  without 
the  benefit  of  evidence  from  randomized  trials,  and  2  of  3 
meta-analyses  suggest  a  higher  rate  of  anastomotic  leakage 
with  mechanical  bowel  preparation  thus  calling  for  an  end 
to  the  practice  of  mechanical  bowel  preparation  in  view  of 
the  possible  disadvantages  of  this  practice,  patient 
discomfort,  and  the  absence  of  clinical  value.  There  are 
others  who  accept  that  though  routine  preoperative  bowel 
cleansing  is  no  longer  justified  prior  to  colorectal  surgery  in 
general,  they  call  for  further  evaluation  in  cases  such  as  total 
mesorectal  resection  with  low  anastomosis  where  it  may 
still  have  a  role  and  therefore  to  consider  each  case  carefully, 
otherwise  the  chance  of  making  an  inappropriate  decision 
exists  with  great  consequences  for  patients. 

Majority  of  surgeons  believe  that  patients  should  have  a 
standard  bowel  preparation  48  hours  before  the  operation 
and  should  receive  a  single-dose  antibiotic  dose  immediately 
preoperatively.  For  the  bowel  preparation,  patients  follow  a 
strictly  fiber-free  diet  8  days  before  surgery,  and  take  a 
sodium  phosphate  oral  solution  the  day  before  surgery.  This 
method  is  very  effective  because  it  ensures  an  empty 
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digestive  tract  and  a  flat  small  bowel,  which  facilitates  the 
layering  of  intestinal  loops,  a  crucial  point  for  achieving 
adequate  exposure.  Alternatively,  polyethylene  glycol  can 
be  used.  In  this  case,  administration  2  days  before  surgery 
is  preferable  to  avoid  distension  of  small  bowel  loops  that 
may  be  difficult  to  handle  during  the  surgery. 

Right  Colectomy 

A  right  colectomy,  or  ileocolic  resection  is  the  removal  of  all 
or  part  of  the  right  colon  and  part  of  the  ileum  (Fig.  26.4). 
These  operations  are  performed  for  removal  of  cancers, 
certain  non-cancerous  growths  as  well  as  severe  Crohn's 
disease.  If  performed  by  expert  laparoscopic  surgeon, 
laparoscopic  right  colectomy  and  ileocolic  resection  are  as 
safe  as  "open"  surgery  in  carefully  selected  cases. 

Indications 

The  advanced  laparoscopic  skills  required  for  laparoscopic 
resection  of  the  colon  and  rectum  has  precluded  wide 
dissemination  of  this  procedure.  By  applying  certain  key 
principles,  laparoscopic  right  hemicolectomy  can  be  made 
simple,  reproducible,  easy  to  teach,  easy  to  learn,  and  cost- 
effective.  Although  benign  tumors  not  resectable  by  a 
colonoscopic  procedure  and  stricturing  inflammatory  bowel 
disease  may  be  good  indications  for  laparoscopy,  they  are 
not  so  common.  The  most  common  disease  for  right 
colectomy  is  right-sided  colon  cancer.  Colon  cancer  seems 
to  be  a  good  indication  for  laparoscopic  surgery  if  performed 
using  proper  oncologic  methods,  i.e.  early  proximal  ligation 
of  the  major  mesenteric  vessels  and  wide  mesenteric  and 
intestinal  resection  with  complete  lymphadenectomy.  For 
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Fig.  26.4:  Section  to  be  removed  in  right  colectomy 


right  colectomy,  laparoscopic  mobilization  of  the  bowel, 
mesenteric  resection,  or  both  is  performed  as  for  open 
colectomy,  and  bowel  division  and  creation  of  the 
anastomosis  are  performed  extracorporeally. 

Contraindica  tions 

•  Patients  with  complete  obstruction  caused  by  the  cancer 

•  Cancer  extensively  invading  adjacent  organs 

•  Bulky  cancer  larger  than  10  cm  in  size  should  be 
excluded. 

According  to  these  concepts,  a  proper  oncologic 
approach  using  laparoscopy  for  right  colon  cancer  is 
described  in  this  chapter. 

Equipment  and  Instruments 

One  can  use  the  same  basic  equipment,  such  as  light  source, 
insufflator,  30  degree  angled  laparoscope,  and  5-mm 
graspers.  To  this  basic  equipment  can  be  added  reusable 
instruments  such  as  Babcock  and  alligator  clamps,  which 
should  be  at  least  38  to  40  cm  in  length  to  reach  from  the 
depths  of  the  pelvis  to  the  upper  abdomen  using  limited 
port  sites.  In  developing  country  these  reusables  can  be  used 
keeping  disposable  equipment  to  a  minimum.  Three  10  mm 
or  12  mm  trocars  with  stability  threads,  plus  reducers  for 
5  mm  instruments  should  be  used.  Cannulas  should  allow 
instruments  to  move  through  smoothly  while  maintaining  a 
good  seal  after  multiple  instrument  passages.  An  energy 
source  device  of  one's  choice  can  also  be  added  either 
bipolar,  ligasure  or  harmonic  scalpel  can  be  used.  Additional 
disposable  equipment  is  kept  readily  available  in  the 
operating  room  and  opened  only  as  needed.  These  include 
a  clip  applier,  linear  vascular  stapler,  suction  irrigator,  and 
fan  retractor. 

Patient  Positioning  and  Operating  Room  Setup 

The  patient  is  placed  supine,  and  straps  are  used  to  secure 
the  patient  during  steep  table  position  changes.  The  patient 
is  fixed  in  a  moldable  "bean  bag"  form  with  both  arms  tucked 
in,  and  placed  in  a  modified  lithotomy  position  using  levitator 
stirrups  (Figs  26.5  and  26.6).  A  urinary  catheter  is  placed  in 
the  bladder,  and  the  stomach  is  decompressed  with  a 
nasogastric  tube.  Identical  operating  room  personnel  are 
used  for  the  laparoscopic  case  as  for  an  open  right 
hemicolectomy. 

The  nurse  is  on  the  patient's  right.  This  is  also  where  the 
assistant  starts,  with  the  surgeon  on  the  patient's  left  side 
facing  the  right  colon.  Hasson  (open)  technique  is  preferred 
to  safely  insert  the  first  port  through  the  umbilicus.  After 
establishing  pneumoperitoneum,  the  surgeon  stands  on  the 
patient's  left  side  to  expose  the  right  mesocolon  and  to  mark 
the  lower  border  of  the  ileocolic  vessels. 


Chapter  26:  Laparoscopic  Colorectal  Surgery 


315 


It  is  essentia]  that  the  patient  be  appropriately 
positioned  to  avoid  complications  (nerve  and  vein 
compression,  injuries  to  the  brachial  plexus) 
and  to  facilitate  the  procedure  and  anesthetic  monitoring, 

-  Trendelenburg  position  with  a  15D  to  25°  tilt  and  a  5D  to 
10*  right  tilt, 

-  Lithotomy  position. 

-  Buttocks  placed  at  the  distal  edge  of  the  table. 

-  Thighs  and  tegs  stretched  apart  with  a  slight  flexure 

-  Right  arm  alongside  the  body. 

-  Left  arm  at  a  right  angle  or  alongside  the  body 
(surgeon's  preference), 

-  Gastric  tube  and  urinary  catheter. 

-  Heating  device. 


Fig.  26.5:  Position  of  patient  for  colorectal  surgery 


To  prevent  the  patient  from  sliding,  shoulder  supports  or 
straps  around  the  thorax  may  be  used. 

In  our  current  practice,  we  rarely  use  such  measures, 
despite  a  20 D  to  30°  Trendelenburg  position  and  a  right  tilt. 


Fig.  26.6:  Shoulder  support  to  prevent  sliding  during  colorectal  surgery 


After  initial  exploration  ensures  no  prohibitive  adhesions, 
two  additional  10  to  12  mm  ports  are  placed  under  direct 
visualization,  one  in  the  left  upper  quadrant  (in  or  lateral  to 
the  rectus,  avoiding  the  epigastric  vessels,  approximately  a 
handbreadth  from  the  supraumbilical  port)  and  one  in  the 
suprapubic  midline.  Once  all  the  trocars  are  in  place,  the 
assistant  moves  to  the  patient's  left  side  to  direct  the  camera. 

To  start  the  initial  dissection  the  surgeon  moves  between 
the  patient's  legs,  the  assistants  position  themselves  on  the 
patient's  left  side  and  the  nurse  stands  near  the  patient's 
right  knee.  The  main  monitor  is  placed  near  the  patient's 
right  shoulder  to  give  the  surgeon  and  the  assistant's  optimal 
viewing  (Fig.  26.7). 

The  second  monitor  is  placed  on  the  left  side  close  to 
the  head,  a  location  that  gives  the  best  view  for  the  nurse. 


After  completing  the  proximal  vessel  ligation  with 
lymphadenectomy  and  mobilization  of  the  terminal  ileum 
and  the  cecum,  the  surgeon  moves  back  to  the  patient's  left 
side  and  the  first  assistant  stands  between  the  patient's  legs 
for  take-down  of  right  flexure  and  whole  mobilization  of  the 
right  colon  (Fig.  26.8). 

Operative  Technique 

Right  colectomy  can  be  broadly  divided  in  following  steps: 

•  Ligation  of  ileocolic  vessels 

•  Identification  of  right  ureter 

•  Dissection  along  superior  mesenteric  vein 

•  Division  of  omentum 

•  Division  of  right  branch  of  middle  colic  vessels 
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Fig.  26.7:  Position  of  surgical  team  during  colorectal  surgery 


Fig.  26.8:  Mobilization  of  cecum  and  right  colon 


•  Transection  of  transverse  colon 

•  Mobilization  of  right  colon 

•  Transection  of  terminal  ileum 

•  Ileocolic  anastomosis 

•  Delivery  of  specimen 

The  patient  is  positioned  in  Trendelenburg  with  the  right 
side  inclined  upward.  This  allows  the  small  bowel  and 
omentum  to  fall  toward  the  left  upper  quadrant,  exposing 
the  cecum  and  assisting  in  retraction.  The  omentum  and 


transverse  colon  are  moved  toward  the  upper  abdomen, 
the  ventral  side  of  the  right  mesocolon  is  well  visualized, 
and  the  optimal  operative  field  can  be  achieved.  The  small 
bowel  is  mobilized  out  of  the  pelvis  by  grasping  the 
peritoneum,  not  bowel  wall,  near  the  base  of  the  cecum 
and  pulling  cephalad  and  to  the  left.  The  appropriate  plane 
along  the  base  of  the  small  bowel  mesentery  and  around 
the  cecum  can  be  seen  and  the  peritoneum  overlying  it 
carefully  opened,  exposing  the  correct  retroperitoneal  plane. 

The  ureter  is  identified  either  before  opening  the 
peritoneum  in  a  thin  patient  or  after,  being  visualized  as  it 
courses  over  the  right  iliac  vessels.  Dissection  is  then 
continued  around  the  base  of  the  cecum.  Moving  cephalad 
and  laterally,  the  white  line  of  Toldt  is  incised  as  the  right 
colon  is  retracted  medially  and  cephalad  by  grasping  the 
cut  edge  of  peritoneum,  not  the  bowel. 

Before  starting  the  dissection,  the  ileocolic  pedicle  must 
be  definitively  identified  by  retracting  the  right  mesocolon. 
Various  approaches,  such  as  lateral-to-medial  (lateral 
approach),  medial-to-lateral  (medial  approach),  and 
retroperitoneal  approach  can  be  tried.  The  medial  approach 
is  quite  effective  for  complete  lymphadenectomy  with  early 
proximal  ligation,  minimal  manipulation  of  the  tumor¬ 
bearing  segment,  and  ideal  entry  to  proper  retroperitoneal 
plane. 

Various  approaches  to  the  right  colon  mobilization  have 
been  described. 

A:  Lateral  to  medial  ("classic"  open  approach); 

B:  Medial  to  lateral  approach); 

C:  Retroperitoneal  approach. 

It  is  believed  that  the  medial  approach  is  optimal  in  order 
to  maintain  conventional  oncologic  principles.  First,  the 
mesocolon  near  the  ileocecal  junction  is  lifted  to  confirm 
the  ileocolic  pedicle.  The  root  of  ileocolic  pedicle  is  usually 
located  at  the  lower  border  of  duodenum.  The  independent 
right  colic  vessels,  if  present,  are  located  at  the  upper  border 
at  duodenum.  However,  the  majority  of  patients  do  not  have 
the  independent  right  colic  vessels  (vessels  originating 
directly  from  the  superior  mesenteric  artery  and  vein  (Figs 
26. 9A  and  B).  The  surgeon  should  initially  stand  on  the 
patient's  left  side  to  confidently  know  the  ileocolic  pedicle 
from  the  superior  mesenteric  vessels,  and  to  mark  the  lower 
border  of  ileocolic  pedicle. 

Once  the  iliocolic  pedicle  is  identified,  the  surgeon  moves 
between  the  patient's  legs  and  the  scope  is  inserted  through 
the  suprapubic  port.  The  medial  side  of  the  right  mesocolon 
is  first  incised  starting  from  the  previously  marked  region 
below  the  ileocolic  pedicle,  followed  by  the  incision  of  the 
peritoneum  over  to  the  superior  mesenteric  vessels.  This  is 
done  before  mobilization  of  the  right  colon.  With  adequate 
traction  of  mesocolon  toward  the  right  upper  quadrant,  the 
ileocolic  vessels  are  easily  mobilized  from  the  subperitoneal 
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Figs  26.9A  and  B:  (A)  Position  of  major  blood  vessels  at  the  time  of  surgery;  (B)  Important  vessels  supplying  right  side  of  colon 


fascia  leading  onto  the  duodenum.  Their  origins  are 
identified  from  the  superior  mesenteric  vessels  at  the  lower 
border  of  the  duodenum  and  divided. 

The  surgeon's  first  step  in  the  dissection  is  to  mark  the 
inferior  border  of  the  ileocolic  pedicle.  From  between  the 
legs,  the  surgeon  dissects  the  peritoneum  overlying  the 
ileocolic  vascular  pedicle  over  to  the  superior  mesenteric 
vessels. 

After  mobilization  of  the  ileocolic  pedicle  from  the 
duodenum,  the  dissection  of  the  ventral  side  of  the  superior 
mesenteric  vein  leads  to  the  dissection  of  the  origin  of 
ileocolic  artery.  In  type  B,  the  ileocolic  artery  is  running 
behind  the  superior  mesenteric  vein.  After  mobilization  and 
division  of  the  ileocolic  pedicle  from  the  duodenum,  the 
dissection  of  the  ventral  side  of  the  superior  mesenteric  vein 
leads  to  a  complete  dissection  of  the  root  of  the  middle 
colic  artery  and  vein. 

Careful  dissection  onto  the  duodenum  and  the  caudad 
portion  of  the  pancreas  must  be  exercised  in  the  exposure 
of  the  middle  colic  vessels.  Dissection  around  Henle's  trunk 
(the  truck  of  mesenteric  veins  consisting  of  the  gastroepiploic 
vein  fusing  with  the  right  branch  of  the  middle  colic  vein  or 
the  main  middle  colic  vein)  may  lead  to  the  exposure  of  an 
accessory  right  colic  vein.  Accessory  right  colic  vein  and 
right  branches  of  middle  colic  vessels  are  clipped  and 
divided.  However,  if  an  accessory  right  colic  vein  is  difficult 
to  confirm  in  this  situation,  this  vein  may  be  easily  detected 
later  at  the  take-down  of  right  flexure. 

After  securing  the  vessels,  the  operating  table  is  tilted 
into  the  steep  Trendelenburg  position  with  the  right  side 
down  to  move  the  small  intestine  toward  the  right  upper 
quadrant.  After  confirming  the  right  ureter  and  gonadal 


vessels  through  the  subperitoneal  fascia  at  the  right  pelvic 
brim,  the  peritoneum  is  incised  along  the  base  of  the  ileal 
mesentery  upward  to  the  duodenum,  and  the  ileocecal 
region  is  mobilized  medial  to  lateral.  After  this  mobilization, 
the  surgeon  moves  back  to  the  patient's  left  side  and  the 
scope  is  inserted  through  the  umbilical  port.  The  right 
mesocolon  is  mobilized  from  medial  to  lateral.  Again,  this 
approach  allows  dissection  into  the  proper  retroperitoneal 
plane.  The  right  gonadal  vessels  and  ureter  are  safe  from 
injury  in  this  plane,  so  exposing  them  is  not  necessary.  This 
approach  also  allows  the  surgeon  to  work  in  a  straight  path 
from  medial  to  lateral,  without  tissue  to  obstruct  the  vision 
that  can  occur  working  from  lateral  to  medial.  This  plane 
connects  the  previous  dissection  plane  from  the  caudad  side. 

The  anatomy  around  the  right  flexure  is  very  important 
to  avoid  inadvertent  bleeding  especially  from  around  Henle's 
(gastrocolic)  trunk.  However,  if  the  previous  mesenteric 
dissection  is  fully  performed  from  the  caudad  side  and  the 
accessory  right  colic  vein  is  divided,  the  right  flexure  is  easily 
taken  down  only  by  dividing  the  hepatocolic  ligament.  If 
the  accessory  right  colic  vein  is  difficult  to  detect  at  the 
previous  dissection,  it  can  be  easily  confirmed  from  Henle's 
trunk  at  this  situation  and  should  be  divided  before  extracting 
the  right  colon  to  avoid  its  injury.  Up  to  this  point,  the  primary 
tumor  has  been  minimally  manipulated  using  medial  to 
lateral  approach.  Finally,  the  right  flexure  and  right  colon 
including  the  tumor  bearing  segment  are  detached  laterally, 
which  completes  the  mobilization  of  the  entire  right  colon 
(Fig.  26.10). 

Once  the  entire  right  colon  is  freed,  it  is  withdrawn 
through  an  enlargement  of  port  site  at  the  umbilicus.  The 
wound  must  be  covered  with  wound  protector  to  prevent 
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Fig.  26.10:  Specimen  of  right  side  of  colon  after  right  colectomy 


Fig.  26.11:  Transaction  of  ileum  by  stapler 


contamination  or  metastasis.  The  resection  of  ileum  and 
transverse  colon,  and  the  anastomosis  are  accomplished 
extracorporeally  by  functional  end  to  end  anastomotic 
method  using  conventional  staplers  or  by  a  hand-sewn 
method  (Fig.  26.11).  The  anastomotic  site  is  returned  to 
the  peritoneal  cavity.  Wounds  and  peritoneal  cavity  are 
copiously  irrigated.  All  wounds  are  closed  and  operation  is 
completed. 

The  identification  of  a  small  tumor  in  the  colon  may  be 
difficult  even  in  conventional  open  surgery.  In  laparoscopic 
surgery,  where  there  is  no  tactile  sensation,  pre-  or 
intraoperative  marking  of  the  tumor 
is  frequently  needed.  Various  kinds  of  marking  methods, 
e.g.  dye  injection  and  mucosal  clip  placement  by 
preoperative  colonoscopy,  have  been  reported  for  the  tumor 
localization.  Several  reports  demonstrated  the  usefulness  of 
tattooing  the  colonic  wall  adjacent  to  the  tumor  with  India 
ink  in  four  quadrants  using  preoperative  colonoscopy. 


However,  effective  injection  in  all  four  points  of  the  bowel  is 
sometimes  difficult  to  achieve.  In  some  cases,  surgeon  failed 
to  achieve  serosal  staining  visible  at  laparoscopy,  which 
forced  them  to  use  intraoperative  colonoscopy.  This 
complicated  the  laparoscopic  colon  resection  because  of 
the  distended  bowel  related  to  air  insufflation  during 
colonoscopy. 

Conclusion 

Right-sided  colon  cancer  can  be  adequately  treated  by 
proper  laparoscopic  procedures  adherent  to  the  oncologic 
principles.  Port-site  metastasis  after  laparoscopic  colon 
cancer  surgery  is  unlikely  to  be  a  major  risk  factor  when  the 
procedure  is  performed  according  to  oncologic  principles 
(Refer  Chapter  6).  It  is  believed  that  laparoscopic  right 
colectomy  for  cancer  performed  by  expert  surgeons  is 
accepted  as  less  invasive  surgery  without  sacrificing  the 
survival  benefit  compared  with  conventional  open  right 
colectomy. 

SIGMOIDECTOMY 

Laparoscopic  sigmoid  colon  resection  is  indicated  for  both 
benign  (diverticulitis,  segmental  Crohn's  disease,  polyp 
unresectable  by  colonoscopy)  and  malignant  (primary  colon 
cancer)  etiologies,  and  is  one  of  the  most  common 
operations  done  by  laparoscopic  methods.  In  chronic 
diverticular  disease,  the  indications  for  laparoscopic  sigmoid 
resection  are  the  same  as  for  open  surgery.  Sigmoid 
colectomy  for  diverticulitis  can  be  technically  challenging 
because  of  severe  inflammation  in  the  left-lower  quadrant 
and  pelvis. 

Patient  Positioning  and  Operating  Room  Setup 

A  proper  patient  position  is  key  to  both  facilitating  operative 
maneuvers  and  preventing  complications  such  as  nerve  and 
vein  compression,  and  traction  injuries  to  the  brachial  plexus. 
The  patient  is  placed  supine,  in  the  modified  lithotomy 
position,  with  legs  abducted  and  slightly  flexed  at  the  knees. 
The  patient's  right  arm  is  alongside  the  body,  whereas  the 
left  arm  is  usually  placed  at  a  90°  angle.  Adequate  padding 
is  used  to  avoid  compression  on  bone  prominences. 

A  nasogastric  or  orogastric  tube  and  a  urinary  catheter 
are  placed.  Adequate  thromboembolism  prophylaxis  should 
be  used,  as  preferred  by  the  surgeon,  and  intermittent  leg 
compression  stockings  can  be  used  as  well.  The  procedure  is 
usually  performed  with  two  assistants  and  a  scrub  nurse  (Fig. 
26. 12) .  The  surgeon  is  on  the  right  side  of  the  patient  and  the 
second  assistant  is  also  on  the  right  side.  The  first  assistant 
stands  between  the  patient's  legs  and  the  scrub  nurse  at  the 
lower  right  side  of  the  table.  The  team  remains  in  the  same 
position  throughout  the  entire  procedure.  It  is  advisable  to 
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1 .  Surgeon 

2.  First  assistant 

3.  Second  assistant 

4.  Scrub  nurse 

5.  Anesthesiologist 


Although  the  procedure 
can  be  performed  with 
a  single  assistant,  it  is 
preferable  to  have 
2  assistants  and  a  scrub 
nurse,  especially  when 
experience  in  performing 
the  procedure  is  limited. 
The  team  can  remain  in 
the  same  position 
throughout 
the  entire  procedure. 


Fig.  26.12:  Position  of  surgical  team  in  colorectal  surgery 


use  a  table  that  can  be  easily  tilted  laterally  and  placed  into 
steep  Trendelenburg  and  reverse  Trendelenburg  position,  in 
order  to  facilitate  exposure  of  the  pelvic  space  and  of  the 
splenic  flexure.  The  laparoscopic  unit  with  the  main  monitor 
is  located  on  the  left  side  of  the  table.  It  is  useful  to  use  a 
second  monitor  placed  above  the  patient's  head. 

Cannula  Positioning 

Standardize  cannula  placement  are  five  or  six  cannulae  for 
left-sided  colectomies.  This  allows  to  achieve  an  excellent 
exposure  which  may  be  particularly  valuable  at  the  beginning 
of  a  surgeon's  learning  curve.  Using  six  cannulae  allows  the 
use  of  more  instruments  in  the  abdominal  cavity  for 
retraction  of  bowel  and  structures  especially  in  the  presence 
of  abundant  intra-abdominal  fat  or  of  dilated  small  bowel, 
as  well  as  during  mobilization  of  the  splenic  flexure. 

Cannula  fixation  to  the  abdominal  wall  is  important,  to 
avoid  C02  leakage,  and  in  cases  of  malignancy,  to  minimize 
the  passage  of  tumor  cells  and  help  reduce  the  incidence  of 
port-site  metastases.  This  is  mainly  achieved  by  fitting  the 
size  of  the  incision  to  the  cannula  size  or  by  fixing  the  cannula 
to  the  abdomen  with  a  suture  placed  around  the  stopcock 
of  the  cannula.  Use  of  screw-like  cannulae,  has  drawback 
that  it  increases  the  parietal  trauma.  Generally  it  is  better  to 
perform  an  "open"  technique  for  the  insertion  of  the  first 
cannula,  which  is  placed  at  the  midline,  above  the  umbilicus, 
to  reduce  the  risk  of  injury  of  abdominal  organs.  With  some 
experience,  the  task  becomes  easy  and  very  rapid.  However, 
in  the  case  of  previous  abdominal  surgery,  we  usually  inflate 
the  abdominal  cavity  using  the  Veress  needle  in  the  left 


subcostal  area,  in  order  to  insert  the  first  cannula  as  far  lateral 
as  possible,  in  the  right  hypochondrium,  to  avoid  potential 
areas  of  adhesions. 

The  first  cannula  (12  mm),  which  is  used  for  the  optical 
device,  is  positioned  on  the  midline  3-4  cm  above  the 
umbilicus.  The  two  operating  cannulae  are  introduced,  one 
at  the  junction  between  the  umbilical  line  and  the  right 
midclavicular  line,  and  the  other  8-10  cm  interiorly,  on  the 
same  line.  The  latter  is  a  12  mm  operating  cannula  to  allow 
the  introduction  of  a  linear  stapler  at  the  time  of  bowel 
resection.  This  cannula  accommodates  the  following:  scissors 
(monopolar,  high  frequency  hemostasis  device,  clip, 
staplers),  a  monopolar  hook,  surgical  loops,  a  suction- 
irrigation  device,  and  an  atraumatic  grasper.  A  fourth 
cannula  is  placed  on  the  left  midclavicular  line,  at  the  level 
of  the  umbilicus.  This  is  a  5  mm  cannula,  which 
accommodates  an  atraumatic  grasper  used  for  retraction 
and  exposure  during  the  medial  approach  for  the  dissection 
of  the  left  mesocolon.  When  performing  mobilization  of  the 
splenic  flexure,  this  cannula  becomes  an  operating  cannula. 
A  fifth  5  mm  cannula  is  placed  8-10  cm  above  the  pubic 
bone,  on  the  midline,  and  is  used  for  retraction  (Figs  26.13 
and  26.14). 

For  most  of  the  procedure,  it  accommodates  a  grasper 
used  to  expose  the  sigmoid  and  descending  mesocolon.  At 
the  end  of  the  procedure,  the  incision  at  this  cannula's  site 
is  lengthened  to  allow  extraction  of  the  specimen.  Some 
surgeons  sometimes  use  an  additional  cannula,  which  is  a 
5  mm  cannula  situated  on  the  right  midclavicular  line  in  the 
subcostal  area  and  accommodates  an  atraumatic  grasper 
used  to  retract  the  terminal  portion  of  the  small  intestine 
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Fig.  26.13:  Port  position  for  sigmoidectomy  for  benign  disease  Fig.  26.15:  Exposure  of  sigmoid  colon  after  shifting 

the  omentum  upward 


Fig.  26.14:  Alternating  post  position  for  sigmoidectomy 
for  malignant  disease 


laterally  at  the  beginning  of  the  dissection,  and  to  retract 
the  transverse  colon  during  the  mobilization  of  the  splenic 
flexure. 

Operative  Technique 
Exposure 

To  complete  exposure  of  the  operative  field,  active 
positioning  of  the  bowel  is  usually  necessary  in  addition  to 
the  passive  action  of  gravity,  especially  in  the  presence  of 
obesity  or  bowel  dilatation.  The  greater  omentum  and  the 
transverse  colon  are  placed  in  the  left  subphrenic  region 
and  maintained  in  this  position  by  the  Trendelenburg  tilt. 
An  atraumatic  retractor,  introduced  through  the  cannula  on 
the  left  side,  may  also  be  used.  Subsequently,  the  proximal 
small  bowel  loops  are  placed  in  the  right  upper  quadrant 
using  gentle  grasping  (Fig.  26.15). 

The  distal  small  bowel  loops  are  placed  in  the  right  lower 
quadrant  with  the  cecum,  and  maintained  there  with  gravity. 


Fig.  26.1 6:  Securing  the  uterus  by  suture  for  proper  exposure  of  rectum 


If  gravity  is  not  sufficient,  as  occurs  especially  in  the  presence 
of  abundant  intraabdominal  fat  or  dilated  bowel,  an 
additional  maneuver  is  used.  An  instrument  passed  through 
the  right  subcostal  cannula  is  passed  at  the  root  of  the 
mesentery  and  grasps  the  parietal  peritoneum  of  the  right 
iliac  fossa;  the  shaft  of  the  grasper  thus  provides  an  auto 
static  retraction  of  the  bowel  loops,  keeping  them  away  from 
the  midline  and  from  the  pelvic  space.  This  technique  of 
exposure  provides  an  excellent  view  of  the  sacral  promontory 
and  of  the  aortoiliac  axis.  This  particular  view  on  the 
operative  field  is  essential  for  the  medial  to  lateral  vascular 
approach. 

The  uterus  may  be  an  obstacle  to  adequate  exposure  in 
the  pelvis.  In  postmenopausal  women,  the  uterus  can  be 
suspended  to  the  abdominal  wall  by  a  suture  (Fig.  26.16). 
This  suture  is  introduced  halfway  between  the  umbilicus 
and  the  pubis,  and  opens  the  rectovaginal  space.  In  younger 
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women,  the  uterus  can  be  retracted  using  a  similar 
suspension  by  a  suture  around  the  round  ligaments  or  using 
a  5  mm  retractor  passed  through  the  suprapubic  cannula. 
Very  often,  conversion  to  open  surgery  is  caused  by  difficulty 
in  exposure,  not  only  at  the  beginning,  but  also  throughout 
the  procedure. 

To  perform  a  medial  approach,  time  is  dedicated  to  the 
perfect  achievement  of  this  exposure,  which  will  serve  not 
only  for  the  initial  vascular  approach,  but  also  for  about 
half  of  the  remaining  operative  time.  After  adequate 
exposure  has  been  achieved,  the  following  steps  of  the 
technique  include  the  vascular  approach,  the  medial 
posterior  mobilization  of  the  sigmoid,  the  extraction  of  the 
specimen,  and  the  anastomosis.  Additional  steps  include 
the  mobilization  of  the  splenic  flexure,  performed  when 
further  lengthening  of  the  bowel  is  needed  to  perform  a 
tension-free  anastomosis. 

The  step  of  the  exposure  is  preliminary,  and  it  is  done  in 
a  similar  manner,  regardless  of  the  type  of  disease.  The 
remainder  of  the  procedure  is  different  if  the  indication  for 
surgery  is  a  cancer  or  a  benign  disease. 

Sigmoid  Colon  Resection  for  Cancer 

In  laparoscopic  colorectal  sigmoidectomy  for  cancer  or  for 
benign  disease,  the  vascular  approach  is  the  first  step  of  the 
dissection.  It  is  believed  that  it  allows  us  to  avoid  unnecessary 
manipulation  of  the  colon  and  tumor,  which  may  cause 
tumor  cell  exfoliation,  and  to  perform  a  good 


lymphadenectomy  following  the  vascular  anatomy.  The 
vessels  are  gradually  exposed  once  the  peritoneum  at  the 
base  of  the  sigmoid  mesocolon  is  incised  (Figs  26.17A  and 
B).  The  medial  to  lateral  view  allows  us  to  see  the 
sympathetic  nerve  plexus  trunks,  the  left  ureter,  and  gonadal 
vessels,  avoiding  ureteral  injuries  and  possibly  preserving 
genital  function. 

Primary  Vascular  Approach  (Medial  Approach) 
Peritoneal  Incision 

The  sigmoid  mesocolon  is  retracted  anteriorly,  using  a 
grasper  introduced  through  the  suprapubic  cannula:  This 
exposes  the  base  of  the  sigmoid  mesocolon.  The  visceral 
peritoneum  is  incised  at  the  level  of  the  sacral  promontory 
(Figs  26.18A  and  B).  The  incision  is  continued  upward  along 
the  right  anterior  border  of  the  aorta  up  to  the  ligament  of 
Treitz.  The  pressure  of  the  pneumoperitoneum  facilitates 
the  dissection,  as  the  diffusion  of  C02  opens  the  avascular 
planes. 

Identification  of  the  Inferior  Mesenteric  Artery 

The  dissection  of  the  cellular  adipose  tissue  is  continued 
upward  by  gradually  dividing  the  sigmoid  branches  of  the 
right  sympathetic  trunk.  The  dissection  behind  the  inferior 
mesenteric  artery  involves  preservation  of  the  main 
hypogastric  nerve  trunks,  but  also  division  of  the  small 
branches  travelling  to  the  colon  to  expose  the  origin  of  the 


Figs  26.1 7A  and  B:  Vascular  supply  of  left  side  of  colon 
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The  arteries  are  all  branches  of 
the  inferior  mesenteric  artery  (IMA) 

1 .  Inferior  mesenteric  artery  (IMA) 

2.  Left  colic  artery  (LCA) 

3.  Trunk  of  sigmoid  arteries 

4.  Superior  rectal  artery  (SRA) 
i  5.  Marginal  arteries 


Figs  26.1 8A  and  B:  Incision  of  peritoneum  over  sacral  promontory 


Figs  26.19A  and  B:  Arterial  supply  of  sigmoid  colon 


inferior  mesenteric  artery  (Figs  26.19A  and  B).  To  ensure 
an  adequate  lymphadenectomy,  the  first  2  cm  of  the  inferior 
mesenteric  artery  are  dissected  free  and  the  artery  is 
skeletonized  before  it  is  divided. 

This  dissection  at  the  origin  of  the  inferior  mesenteric 
artery  involves  a  risk  of  injury  to  the  left  sympathetic  trunk 
situated  on  the  left  border  of  the  inferior  mesenteric  artery. 
A  meticulous  dissection  of  the  artery  (skeletonization)  helps 
to  avoid  this  risk,  because  only  the  vessel  will  be  divided, 
and  not  the  surrounding  tissues.  Dissection  performed  close 
to  the  artery  also  minimizes  the  risk  of  ureteral  injury  during 
the  ligation  of  the  inferior  mesenteric  artery.  The  inferior 
mesenteric  artery  can  then  be  divided  between  clips,  or  by 
using  a  linear  stapler  (vascular  2.5  or  2.0  mm  cartridges. 
The  artery  is  divided  at  1  to  2  cm  distal  to  its  origin  from  the 


aorta  ideally  after  the  take  off  of  the  left  colic  artery  (Figs 
26.20A  to  D). 

Identification  of  the  Inferior  Mesenteric  Vein 

The  inferior  mesenteric  vein  (IMV)  terminates  when  reaching 
the  splenic  vein,  which  goes  on  to  form  the  portal  vein  with 
the  superior  mesenteric  vein  (SMV).  Anatomical  variations 
include  the  IMV  draining  into  the  confluence  of  the  SMV 
and  splenic  vein  and  the  IMV  draining  in  the  SMV. 

The  inferior  mesenteric  vein  (IMV)  is  identified  to  the 
left  of  the  IMA  or  in  case  of  difficulty,  higher,  just  to  the  left 
of  the  ligament  of  Treitz  junction  (Fig.  26.21).  The  vein  is 
divided  below  the  inferior  border  of  the  pancreas  or  above 
the  left  colic  vein.  Once  again,  clips  are  sure  options  to  ligate 
and  divide  this  vessel  (Figs  26.22A  and  B). 
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Figs  26.20A  to  D:  Dissection  of  inferior  mesenteric  artery 
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2.  Left  colic  vein  (LCV) 
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3.  Trunk  of  sigmoid  veins 

4.  Superior  rectal  vein  (SRV) 

5.  Marginal  veins 

Fig.  26.21 :  Venous  supply  of  sigmoid  colon 


Mobilization  of  the  Sigmoid  and  Descending  Colon 

The  mobilization  of  the  sigmoid  colon  follows  the  division 
of  the  vessels.  This  step  includes  the  freeing  of  posterior 
and  lateral  attachments  of  the  sigmoid  colon  and  mesocolon 
and  the  division  of  the  rectal  and  sigmoid  mesenteries.  The 


approach  is  either  medial  or  lateral.  It  is  wise  to  routinely 
perform  this  medial-to-lateral  laparoscopic  dissection  for  all 
indications.  The  medial  approach  is  well  adapted  for 
laparoscopy  because  it  preserves  the  working  space  and 
demands  the  least  handling  of  the  sigmoid  colon.  In  a 
randomized  trial  comparing  the  medial-to-lateral 
laparoscopic  dissection  with  the  classical  lateral-to  medial 
approach  for  resection  of  rectosigmoid  cancer,  Liang  et  al 
showed  that  the  medial  approach  reduces  operative  time 
and  the  postoperative  proinflammatory  response.  Besides 
the  potential  oncologic  advantages  of  early  vessel  division 
and  "no-touch"  dissection,  it  is  believed  that  the  longer  the 
lateral  abdominal  wall  attachments  of  the  colon  are 
preserved,  the  easier  are  the  exposure  and  dissection. 

Posterior  Detachment 

The  sigmoid  mesocolon  is  retracted  anteriorly  using  the 
suprapubic  cannula  to  expose  the  posterior  space.  The  plane 
between  Toldt's  fascia  and  the  sigmoid  mesocolon  can  then 
be  identified.  This  plane  is  avascular  and  easily  divided. 
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Figs  26.22A  and  B:  Dissection  of  inferior  mesenteric  vein 


Fig.  26.23:  Lateral  approach 


The  dissection  continues  posterior  to  the  sigmoid  mesocolon 
going  laterally  toward  Toldt's  line.  The  sigmoid  colon  is  then 
completely  free,  and  the  lateral  attachments  can  then  be 
divided  using  a  lateral  approach. 

Lateral  Mobilization 

Extent  of  the  dissection  is  superiorly  for  the  inferior  border 
of  the  pancreas,  laterally  following  Gerota's  fascia  and 
inferiorly  for  the  psoas  muscle  where  the  ureter  crosses  the 
iliac  vessels.  The  sigmoid  loop  is  pulled  toward  the  right 
upper  quadrant  (grasper  in  right  subcostal  cannula)  to  exert 
traction  on  the  line  of  Toldt  (Fig.  26.23).  The  peritoneal 
fold  is  opened  cephalad  and  caudad,  and  the  dissection 
joins  the  one  previously  performed  medially.  During  this 
step,  care  must  be  taken  to  avoid  the  gonadal  vessels  and 
the  left  ureter  because  they  can  be  attracted  by  the  traction 


exerted  on  the  mesentery.  Ureteral  stenting  (infrared  stents) 
can  be  useful  in  cases  in  which  inflammation,  tumoral  tissue, 
or  adhesions  and  endometriosis  make  planes  difficult  to 
recognize. 

Dissection  of  the  Upper  Mesorectum 

This  area  of  dissection  should  be  approached  with  caution, 
especially  on  the  left  side:  The  mesorectum  there  is  closely 
attached  to  the  parietal  fascia  where  the  superior  hypogastric 
nerve  and  the  left  ureter  are  situated.  The  upper  portion  of 
the  rectum  is  mobilized  posteriorly  following  the  avascular 
plane  described  before,  then  laterally,  until  a  sufficient  distal 
margin  is  achieved  (Figs  26.24A  and  B). 

Resection  of  the  Specimen 

Division  of  the  Rectum 

Once  the  upper  rectum  is  freed,  the  area  of  distal  resection 
is  chosen,  allowing  a  distal  margin  of  at  least  5  cm.  The  fat 
surrounding  this  area  is  cleared,  using  monopolar  cautery, 
ultrasonic  dissection,  or  the  LigaSure  device.  Doing  so,  the 
superior  hemorrhoidal  arteries  are  divided  in  the  posterior 
upper  mesorectum.  The  distal  division  is  performed  using  a 
linear  stapler. 

The  stapler  is  introduced  through  the  right  lower 
quadrant  cannula.  It  is  wise  to  use  stapler  loads  3.5  mm,  45 
mm  blue  cartridges,  which  are  applied  perpendicular  to  the 
bowel  (Figs  26.25A  to  C).  Articulated  staplers  can  also  be 
useful,  although  they  are  usually  unnecessary  at  the  level  of 
the  upper  rectum  (Figs  26.26A  and  B). 

Proximal  Division 

The  proximal  division  site  should  be  located  at  least  10  cm 
proximal  to  the  tumor.  It  is  performed  by  first  dividing  the 
mesocolon  and  subsequently  the  bowel  (Fig.  26.27).  The 
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Figs  26.24A  and  B:  Dissection  of  upper  mesorectum 


Figs  26.25A  to  C:  Division  of  rectum  using  stapler 


Figs  26.26A  and  B:  Disposable  circular  staplers  used  in  colorectal  surgery 
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division  of  the  mesocolon  is  more  easily  performed  with  the 
harmonic  scalpel,  or  the  LigaSure,  although  linear  staplers 
can  also  be  used.  The  distal  portion  of  the  divided  IMA  is 
identified,  and  the  division  of  the  mesocolon  starts  right  at 
this  level  and  continues  toward  the  chosen  proximal  section 
site  at  a  90°  angle.  A  linear  stapler  is  then  fired  across  the 
bowel.  The  stapler  (blue  load)  is  introduced  through  the  right 
lower  quadrant  cannula.  The  specimen  is  placed  in  a  plastic 
retrieval  sac  introduced  through  the  same  cannula.  This 
permits  continuation  of  the  procedure  without  manipulation 
of  the  bowel  and  tumor.  If  the  resected  specimen  is  large  and 
obscures  the  operative  fields,  the  extraction  can  be  done 
before  completing  mobilization  of  the  left  colon. 


Fig.  26.27:  Division  10  cm  proximal  and  5  cm  distal  to  tumor 


Mobilization  of  the  Splenic  Flexure 

In  the  frequent  event  that  a  long  segment  of  sigmoid  colon 
has  been  resected,  mobilization  of  the  splenic  flexure  is 
required.  This  can  be  achieved  in  different  ways.  It  is 
important  for  the  surgeon  to  be  familiar  with  all  approaches 
in  order  to  select  the  most  suitable  approach.  Sufficient 
mobilization  of  the  splenic  flexure  may  be  achieved  by  simply 
freeing  the  posterior  and  lateral  attachments  of  the 
descending  colon.  This  is  begun  by  a  medial  approach  to 
free  the  posterior  attachments  of  the  descending  and  distal 
transverse  colon,  followed  by  the  dissection  of  the  lateral 
attachments,  or  by  doing  the  same  task  in  the  reverse  order. 
A  lateral  mobilization  is  sometimes  sufficient  in  cases  of 
sigmoid  cancer,  where  the  posterior  mobilization  can  be 
omitted. 

Lateral  Mobilization  of  the  Splenic  Flexure 

This  approach  is  often  used  in  open  surgery  and  can  also 
be  used  in  simple  laparoscopic  colectomies.  The  first  step  is 
the  section  of  the  lateral  attachments  of  the  descending  colon. 
An  ascending  incision  is  made  along  the  line  of  Toldt  using 
scissors  introduced  via  the  left-sided  cannula.  The 
phrenocolic  ligament  is  then  divided  using  scissors 
introduced  through  this  cannula.  Retraction  of  the 
descending  colon  and  the  splenic  flexure  toward  the  right 
lower  quadrant  using  graspers  introduced  through  the  right 
lower  and  suprapubic  cannulae  helps  to  expose  the  correct 
plane  (Figs  26.28A  and  B).  The  attachments  between  the 
transverse  colon  and  the  omentum  are  divided  close  to  the 
colon  until  the  lesser  sac  is  opened.  Division  of  these 
attachments  is  continued  as  needed,  to  facilitate  the 
mobilization  of  the  colon  into  the  pelvis. 


Figs  26.28A  and  B:  Mobilization  of  splenic  flexure  of  colon 
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Medial  Mobilization 

This  approach  dissects  the  posterior  attachments  of  the 
transverse  and  descending  colon  first.  The  dissection  plane 
naturally  follows  the  plane  of  the  previous  sigmoid  colon 
mobilization,  cephalad  and  anterior  to  Toldt's  fascia.  The 
transverse  colon  is  retracted  anteriorly  to  expose  the  inferior 
border  of  the  pancreas,  and  the  root  of  the  transverse 
mesocolon  is  divided  anterior  to  the  pancreas  and  at  a  distance 
from  it;  to  enter  the  lesser  sac.  The  dissection  then  follows 
toward  the  base  of  the  descending  colon  and  distal  transverse 
colon,  dividing  the  posterior  attachments  of  these  structures. 
The  division  of  the  lateral  attachments,  as  described  above, 
then  follows  the  full  mobilization  of  the  splenic  flexure.  If  the 
mobilized  colon  reaches  the  pelvis  easily,  it  may  be  safely 
assumed  the  anastomosis  will  be  tension  free  as  well. 

Extraction  of  Colon 

The  extraction  of  the  specimen  is  performed  using  a  double 
protection:  A  wound  protector  as  well  as  a  retrieval  sac  (Figs 
26.29  and  26.30).  The  wound  protector  is  also  helpful  to 
ensure  that  there  is  no  C02  leak  during  the  intracorporeal 
colorectal  anastomosis,  which  follows  the  extraction.  This 
allows  reduction  of  the  size  of  incision  and  potentially 
minimizes  the  risk  of  tumor  cell  seeding. 

Incision  to  Extract  the  Specimen 

The  size  of  the  incision,  its  location,  and  the  extraction 
technique  take  into  account  the  volume  of  the  specimen, 
the  patient's  body  habitus,  cosmetic  concerns,  and  the  type 
of  disease.  The  incision  is  generally  performed  in  the 
suprapubic  region.  The  proximal  division  is  performed 
intracorporeally,  as  described  above,  and  the  specimen 
placed  into  a  thick  plastic  bag  before  being  extracted  through 
the  incision  at  the  suprapubic  area. 

Anastomosis 

For  anastomosis  a  mechanical  circular  stapling  device  passed 
transanally  to  perform  the  anastomosis.  Performing  the 
anastomosis  includes  an  extraabdominal  preparatory  step  and 
an  intra-abdominal  step  performed  laparoscopically .  The  extra¬ 
abdominal  step  takes  place  after  the  extraction  of  the  specimen. 

The  instrument  holding  the  proximal  bowel  presents  it  at 
the  incision  where  it  can  easily  be  grasped  with  a  Babcock 
clamp  and  pulled  out.  If  necessary,  the  colon  is  divided  again 
in  a  healthy  and  well-vascularized  zone  (Figs  26.31  A  and  B). 

The  anvil  (at  least  28  mm  in  diameter)  is  then 
introduced  into  the  bowel  lumen  and  closed  with  a  purse 
string;  then  the  colon  is  reintroduced  into  the  abdominal 
cavity  (Fig.  26.32).  The  abdominal  incision  is  closed  to  re¬ 
establish  the  pneumoperitoneum.  For  an  air-tight  closure, 


Fig.  26.29:  Extraction  of  colon 


Fig.  26.30:  Extraction  of  specimen  through  wound  protector 


it  is  sufficient  to  twist  the  wound  protector  at  the  level  of 
the  incision  using  a  large  clamp  (Fig.  26.33).  The  circular 
stapler  is  introduced  into  the  rectum  through  the  gently 
dilated  anus.  The  rectal  stump  is  then  transfixed  with  the 
tip  of  the  head  of  the  circular  stapler.  In  women,  the 
posterior  vaginal  wall  should  be  retracted  anteriorly  by 
the  assistant  passing  the  stapler  (Fig.  26.34).  Once  the 
center  rod  and  anvil  are  clicked  into  the  distal  part  of  the 
circular  stapler  should  be  checked  for  twisting  of  the  colon 
and  the  mesentery.  The  stapler  is  then  fired  after  ensuring 
that  the  neighboring  organs  are  away  from  the  stapling 
line.  The  stapler  is  then  twisted  open  and  withdrawn.  The 
anastomosis  is  checked  for  leaks  by  verifying  the  integrity 
of  the  proximal  and  distal  rings,  as  well  as  performing  an 
air  test  (Figs  26.35  and  26.36). 


Figs  26.31  A  and  B:  Preparation  of  the  proximal  loop  of  the  colon  for  anastomosis 


Fig.  26.33:  Clamping  and  twisting  of  wound  protector  to 
prevent  gas  leak 


Fig.  26.35:  End-to-end  anastomosis  done  with  the 
help  of  circular  stapler 
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Wound  Closure 

The  cannula  sites  are  checked  internally  for  possible 
hemorrhage.  To  do  so,  a  grasper  is  passed  through  the 
cannula  and  the  cannula  is  removed  leaving  the  grasper  in 
the  abdomen.  Because  of  the  smaller  diameter  of  the  grasper 
compared  with  the  cannula,  if  a  bleeding  was  so  far 


concealed  by  the  tamponade  effect  of  the  cannula,  it  would 
be  revealed  promptly.  The  cannula  is  then  reintroduced  to 
allow  maintenance  of  the  pneumoperitoneum  while 
performing  the  same  check  at  all  cannula  sites. 

When  the  check  is  completed,  the  C02  is  desufflated 
through  the  cannulae  and  cannulae  are  removed.  No  routine 
drainage  of  the  anastomotic  area  is  performed.  The 


Figs  26.36A  to  F:  Anastomosis  by  the  help  of  circular  stapler 
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suprapubic  incision  is  closed  in  layers  using  running 
absorbable  sutures,  and  all  fascial  defects  of  10  mm  and 
more  are  closed.  The  skin  is  closed  with  a  subcuticular 
absorbable  suture. 

Sigmoidectomy  for  Diverticular  Disease 

Outcomes  after  laparoscopic  sigmoidectomy  for  diverticulitis 
are  similar  or  even  better  to  those  seen  in  the  open  method, 
with  faster  recovery  and  decreased  postoperative  pain. 
Hand-assisted  laparoscopic  sigmoid  resection  for 
diverticulitis  is  also  an  attractive  alternative  to  a  "pure" 
laparoscopic  method  in  complicated  cases. 

The  vascular  approach  for  patients  with  benign  diseases 
of  the  sigmoid  colon  is  performed  with  the  following  steps. 

Peritoneal  Incision 

The  peritoneal  incision  can  be  similar  to  the  cancer  technique 
particularly  in  difficult  cases  (obesity,  inflammatory 
mesocolon).  In  most  cases,  surgeon  should  try  to  preserve 
the  vascularization  of  the  rectum  and  the  left  colic  vessels. 
The  opening  of  the  peritoneum  can  be  limited  to  the 
mesosigmoid  parallel  to  colon  at  mid  distance  between  the 
colon  and  the  root  of  the  mesosigmoid.  An  initial  lateral 
mobilization  of  the  sigmoid  can  be  useful  in  this  approach. 
The  branches  of  the  sigmoid  arterial  trunk  can  be  divided 
separately  anteriorly  to  inferior  mesenteric  vessels  or  together 
after  creating  windows  in  the  mesentery 
to  divide  the  various  branches.  A  linear  stapler  or,  better, 
the  LigaSure  Atlas  10  mm  device  can  be  used  for  this  task. 

Resection  of  the  Specimen 

In  diverticular  disease,  one  should  perform  the  distal 
resection  of  the  bowel  below  the  rectosigmoid  junction.  The 
rectosigmoid  junction  is  located  just  above  the  peritoneal 
reflexion,  at  the  pouch  of  Douglas  (Fig.  26.37).  It  is  preferred 
to  perform  the  mobilization  of  the  splenic  flexure  at  this 


Fig.  26.37:  Before  and  after  sigmoidectomy 


moment,  before  resection  at  the  proximal  limit,  using  the 
same  principles  as  described  above. 

Extraction  of  the  Specimen 

Before  extracting  the  colon,  it  is  important  to  divide  the 
mesocolon  at  the  level  of  the  proximal  site  of  division.  After 
adequate  mobilization  is  achieved,  the  colon  is  extracted 
through  a  suprapubic  incision,  protected  by  the  plastic  drape 
described  above,  and  proximal  division  performed  externally 
on  a  compliant  and  well  vascularized  part  of  the  colon.  The 
anastomosis  is  performed  as  described  above  for  cancer. 

Special  Considerations 

Ureteral  injuries  are  one  of  the  most  important  complications, 
which  can  be  avoided  by  a  perfect  exposure  and  the  respect 
of  the  correct  plane  of  dissection.  Indeed,  a  dissection 
properly  performed  above  the  Toldt's  fascia  does  not  expose 
the  ureter  to  accidental  injury.  Difficult  cases,  such  as 
important  inflammatory  reaction,  cancer  invasion  or 
adhesions,  and,  sometimes,  endometriosis,  may  alter  the 
anatomy  of  the  region  and  render  the  identification  of  the 
ureter  troublesome.  In  these  special  cases,  prevention  of 
ureteral  injury  may  be  facilitated  by  the  use  of  infrared  wires 
inserted  in  ureteral  stents.  The  infrared  light  is  cold  and  safe 
for  use  in  close  contact  with  the  ureteral  tissue,  and,  on  the 
other  side,  makes  it  easy  to  recognize  the  structure  under 
the  light  of  an  adequate  laparoscope. 

LOW  ANTERIOR  RESECTION 

Two  surgical  procedures  with  curative  intent  are  available 
to  patients  with  rectal  cancer: 

1.  Lower  anterior  resection  and 

2.  Abdominoperineal  resection 

Lower  anterior  resection  may  improve  quality  of  life  and 
functional  status.  Lower  anterior  resection,  formally  known 
as  anterior  resection  of  the  rectum  and  anterior  excision  of 
the  rectum  or  simply  anterior  resection  is  a  common  surgery 
for  rectal  cancer.  It  is  commonly  abbreviated  as  LAR.  LAR 
is  generally  the  preferred  treatment  for  rectal  cancer  insofar 
as  this  is  surgically  feasible.  Laparoscopic  low  anterior 
resection  for  rectal  cancer  has  gained  wide  acceptance 
among  general  surgeons.  HALS  LAR  is  also  having  equal 
acceptance  mainly  due  to  the  technical  difficulties 
encountered  during  pelvic  dissection. 

Patient  Positioning 

The  patient  is  placed  supine  on  the  operating  table  (Fig. 
26.38).  After  induction  of  general  anesthesia  and  insertion 
of  an  orogastric  tube  and  Foley  catheter,  the  legs  are  placed 
in  stirrups.  The  arms  are  tucked  at  the  patient's  side  and  the 
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Fig.  26.38:  Patient  position  for  low  anterior  resection 


beanbag  is  aspirated.  The  abdomen  is  prepared  with 
antiseptic  solution  and  draped  routinely. 


Fig.  26.39:  Position  of  surgical  team  for  LAR 


Position  of  Surgical  Team 

The  primary  monitor  is  placed  on  the  left  side  of  the  patient 
at  approximately  the  level  of  the  hip.  Operating  nurse  is  placed 
between  the  patient's  legs.  There  should  be  sufficient  space 
to  allow  the  surgeon  to  move  from  either  side  of  the  patient 
to  between  the  patient's  legs,  if  necessary.  The  primary 
operating  surgeon  stands  on  the  right  side  of  the  patient  with 
the  assistant  standing  on  the  patient's  left,  and  moving  to  the 
right  side,  caudad  to  the  surgeon,  once  ports  have  been 
inserted  (Fig.  26.39).  A  30  degree  telescope  is  used. 

Port  Position 

The  primary  optical  port  is  introduced  subumbilical  using  a 
modified  Hasson  approach.  Having  confirmed  entry  into 
the  peritoneal  cavity,  a  purse-string  suture  is  placed  around 
the  subumbilical  fascial  defect.  The  abdomen  to  be 
insufflated  with  C02  to  a  pressure  of  12  mm  Hg. 

The  telescope  is  inserted  into  the  abdomen  and  an  initial 
diagnostic  laparoscopy  is  performed,  carefully  evaluating 
the  liver,  small  bowel,  and  peritoneal  surfaces.  A  12  mm 
port  is  inserted  in  the  right  lower  quadrant  approximately  2 
to  3  cm  medial  and  superior  to  the  anterior  superior  iliac 
spine.  It  is  carefully  inserted  lateral  to  the  inferior  epigastric 
vessels,  paying  attention  to  keep  the  tract  of  the  port  going 
as  perpendicular  as  possible  through  the  abdominal  wall.  A 
5  mm  port  is  then  inserted  in  the  right  upper  quadrant  at 
least  a  hand's  breadth  superior  to  the  lower  quadrant  port. 
A  left  lower  quadrant  5  mm  port  is  inserted.  A  5  mm  left 
upper  quadrant  port  is  also  inserted  to  aid  splenic  flexure 


mobilization.  Again,  all  of  these  remaining  ports  are  kept 
lateral  to  the  epigastric  vessels.  This  may  be  ensured  by 
diligence  to  anatomic  port  site  selection  and  using  the 
laparoscope  to  transilluminate  the  abdominal  wall  before 
making  the  port  site  incision  to  identify  any  obvious 
superficial  vessels. 

The  assistant  now  moves  to  the  patient's  left  side, 
standing  caudad  to  the  surgeon.  The  patient  is  rotated  with 
the  left  side  up  and  right  side  down,  to  approximately  15  to 
20  degrees  tilt,  and  often  as  far  as  the  table  can  go.  This 
helps  to  move  the  small  bowel  over  to  the  right  side  of  the 
abdomen.  The  patient  is  then  placed  in  the  Trendelenburg 
position.  This  again  helps  gravitational  migration  of  the  small 
bowel  away  from  the  operative  field.  The  surgeon  then 
inserts  two  atraumatic  bowel  clamps  through  the  two  right¬ 
sided  abdominal  ports.  The  greater  omentum  is  reflected 
over  the  transverse  colon  so  that  it  comes  to  lie  on  the 
stomach.  If  there  is  no  space  in  the  upper  part  of  the 
abdomen,  one  must  confirm  that  the  orogastric  tube  is 
adequately  decompressing  the  stomach.  The  small  bowel  is 
moved  to  the  patient's  right  side  allowing  visualization  of 
the  medial  aspect  of  the  rectosigmoid  mesentery.  This  may 
necessitate  the  use  of  the  assistant's  5  mm  atraumatic  bowel 
clamp  through  the  left  lower  quadrant  to  tent  the  sigmoid 
mesentery  cephalad. 

Defining  and  Dividing  the  Inferior  Mesenteric  Pedicle 

An  atraumatic  bowel  clamp  is  placed  on  the  rectosigmoid 
mesentery  at  the  level  of  the  sacral  promontory, 
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approximately  half  way  between  the  bowel  wall  and  the 
promontory  itself.  This  area  is  then  stretched  up  toward  the 
left  lower  quadrant  port,  stretching  the  inferior  mesenteric 
vessels  away  from  the  retroperitoneum.  In  most  cases  this 
demonstrates  a  groove  between  the  right  or  medial  side  of 
the  inferior  mesenteric  pedicle  and  the  retroperitoneum. 
Electro-surgery  or  harmonic  is  used  to  open  the  peritoneum 
along  this  line,  opening  the  plane  cranially  up  to  the  origin 
of  the  inferior  mesenteric  artery,  and  caudally  up  to  the  sacral 
promontory.  Blunt  dissection  is  then  used  to  lift  the  vessels 
away  from  the  retroperitoneum  and  presacral  autonomic 
nerves.  The  ureter  is  then  looked  for  under  the  inferior 
mesenteric  artery.  If  the  ureter  cannot  be  seen,  and  the 
dissection  is  in  the  correct  plane,  the  ureter  should  be  just 
deep  to  the  parietal  peritoneum,  and  just  medial  to  the 
gonadal  vessels.  Care  must  be  taken  not  to  dissect  too  deep 
and  injure  the  iliac  vessels. 

If  the  ureter  cannot  be  found,  it  has  usually  been  elevated 
on  the  back  of  the  inferior  mesenteric  pedicle,  and  one  needs 
to  stay  very  close  to  the  vessel  not  only  to  find  the  ureter  but 
also  to  protect  the  autonomic  nerves.  If  the  ureter  still  cannot 
be  found,  the  dissection  needs  to  come  in  a  cranial  direction, 
which  is  usually  into  clean  tissue  allowing  it  to  be  found.  If 
this  fails,  a  lateral  approach  can  be  performed.  This  usually 
gives  a  fresh  perspective  to  the  tissues,  and  the  ureter  can 
often  be  found  quite  easily.  In  very  rare  cases,  the  ureter  still 
may  not  be  found.  Ureteric  stent  should  be  used  and  it  helps 
in  easy  identification  of  ureter  and  prevents  it  to  get  injured. 
It  is  good  not  to  proceed  if  the  ureter  cannot  be  defined. 
The  dissection  is  continued  up  to  the  origin  of  the  inferior 
mesenteric  artery,  which  is  carefully  defined  and  divided 
using  a  high  ligation,  above  the  left  colic  artery.  A  clamp  is 
placed  on  the  origin  of  the  vessel  to  control  it  if  clips  or 
other  energy  sources  do  not  adequately  control  the  vessel. 
Endogia  stapler  can  also  be  used  for  easy  division  of  the 
vessel. 

Having  divided  the  vessels  at  the  origin  of  the  artery, 
the  plane  between  the  descending  colon  mesentery  and  the 
retroperitoneum  is  developed  laterally,  out  toward  the  lateral 
attachment  of  the  colon,  and  superiorly,  dissecting  the  bowel 
off  the  anterior  surface  of  the  Gerota's  fascia  up  toward  the 
splenic  flexure.  This  makes  the  inferior  vein  quite  obvious 
and  this  vessel  can  also  be  divided  just  inferior  to  the 
pancreas.  This  allows  increased  reach  for  a  coloanal 
anastomosis  with  or  without  neorectal  reservoir. 

Mobilization  of  the  Lateral  Attachments  of 
the  Rectosigmoid  and  Descending  Colon 

The  surgeon  now  grasps  the  rectosigmoid  junction  with  his 
left-hand  instrument  and  draws  it  to  the  patient's  right  side. 
This  allows  the  lateral  attachments  of  the  sigmoid  colon  to 
be  seen  and  divided  using  electrosurgery  or  harmonic. 


Bruising  from  the  prior  retroperitoneal  mobilization  of  the 
colon  can  usually  be  seen  in  this  area.  Once  this  layer  of 
peritoneum  has  been  opened,  one  immediately  enters  into 
the  space  opened  by  the  retroperitoneal  dissection. 
Dissection  now  continues  up  along  the  white  line  of  Toldt, 
toward  the  splenic  flexure.  As  the  dissection  continues,  the 
surgeon's  left-hand  instrument  needs  to  be  gradually  moved 
up  along  the  descending  colon  to  keep  the  lateral 
attachments  under  tension.  In  this  way,  the  lateral  and  any 
remaining  posterior  attachments  are  freed,  making  the  left 
colon  and  sigmoid  a  midline  structure.  Elevating  the 
descending  colon  and  drawing  it  medially  is  useful,  as  this 
keeps  small  bowel  loops  out  of  the  way  of  the  dissecting 
instrument  and  facilitates  the  dissection.  In  some  patients, 
particularly  very  obese  or  otherwise  large  patients,  it  is 
difficult  to  reach  high  enough  through  the  right  lower 
quadrant  port.  For  this  reason,  the  surgeon's  right-hand 
instrument  is  moved  to  the  left  lower  quadrant  port  site. 
This  permits  greater  reach  along  the  descending  colon. 

Mobilization  of  the  Splenic  Flexure 

Complete  lateral  mobilization  of  the  left  colon  up  to  the 
splenic  flexure  is  performed  as  an  initial  step.  The  descending 
colon  is  pulled  medially  using  an  atraumatic  bowel  clamp 
in  the  right  lower  quadrant  port  and  the  scissors  are  placed 
in  the  left  iliac  fossa  port.  A  5  mm  left  upper  quadrant  port 
may  be  necessary,  particularly  in  those  with  a  very  high 
splenic  flexure,  or  in  very  tall  or  obese  individuals.  The  lateral 
attachments  of  the  left  colon  are  divided  and  the  colon  is 
dissected  off  the  Gerota's  fascia  over  the  left  kidney. 

Once  the  lateral  attachments  of  the  colon  have  been  freed, 
it  is  necessary  to  move  medially  and  enter  the  lesser  sac. 
Some  surgeons  prefer  to  perform  this  as  an  initial  step  before 
lateral  mobilization.  To  enter  the  lesser  sac,  the  patient  is  tilted 
to  a  slight  reverse  Trendelenburg  position.  An  atraumatic 
bowel  clamp  is  inserted  through  the  right  upper  quadrant 
port.  If  the  left  upper  quadrant  port  is  available  this  is  also 
used.  The  assistant  holds  up  the  greater  omentum,  toward  its 
left  side,  like  a  cape.  The  surgeon  grasps  the  transverse  colon 
toward  the  left  side  using  a  grasper  in  the  right  lower  quadrant 
port  to  aid  identification  of  the  avascular  plane  between  the 
greater  omentum  and  the  transverse  mesocolon.  Harmonic 
scalpel  or  monopolar  scissors  can  be  used  through  the  left 
lower  quadrant  port  to  dissect  this  plane  and  enter  the  lesser 
sac.  The  surgeon  usually  moves  to  stand  between  the  patient's 
legs  for  this  part  of  the  procedure.  This  dissection  is  continued 
toward  the  splenic  flexure. 

Following  separation  of  the  omentum  off  the  left  side  of 
the  transverse  colon,  connection  to  the  lateral  dissection 
allows  the  splenic  flexure  to  be  fully  mobilized.  The  colon  at 
the  flexure  is  retracted  caudally  and  medially,  and  any 
remaining  restraining  attachments  are  divided. 
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Rectal  Mobilization 

The  patient  is  returned  to  the  Trendelenburg  position,  and 
the  small  bowel  is  reflected  cranially.  Atraumatic  bowel 
clamps  inserted  through  the  left-sided  ports  are  used  to 
elevate  the  rectosigmoid  colon  out  of  the  pelvis  and  away 
from  the  retroperitoneum  and  sacral  promontory,  to  enable 
entry  into  the  presacral  space.  The  posterior  aspect  of  the 
mesorectum  can  be  identified  and  the  mesorectal  plane 
dissected  with  diathermy,  preserving  the  hypogastric  nerves 
as  they  pass  down  into  the  pelvis,  anterior  to  the  sacrum. 
Dissection  continues  down  the  presacral  space  in  this 
avascular  plane  toward  the  pelvic  floor. 

Attention  is  now  switched  to  the  peritoneum  on  the  right 
side  of  the  rectum.  This  is  divided  to  the  level  of  the  seminal 
vesicles  or  rectovaginal  septum.  This  is  repeated  on  the 
peritoneum  on  the  left  side  of  the  rectum.  This  facilitates 
further  posterior  dissection  along  the  back  of  the  mesorectum 
to  the  pelvic  floor,  to  a  level  inferior  to  the  lower  edge  of  the 
mesorectum,  just  posterior  to  the  anal  canal.  For  a  low 
anterior  resection,  it  is  necessary  to  perform  a  total 
mesorectal  excision  and  hence  the  rectum  must  be  dissected 
down  to  the  muscle  tube  of  the  rectum  below  the  inferior 
extent  of  the  mesorectum.  In  many  cases,  particularly  in 
those  who  are  obese  or  men  with  a  narrow  pelvis,  some  or 
all  of  the  anterior  and  lateral  dissection  must  be  completed 
to  get  adequate  visualization,  to  complete  the  posterior 
dissection. 

An  atraumatic  bowel  clamp  through  the  left  iliac  fossa 
port  is  used  to  retract  the  peritoneum  anterior  to  the  rectum 
forward.  The  peritoneal  dissection  is  continued  from  the 
free  edge  of  the  lateral  peritoneal  dissection,  anteriorly. 
Lateral  dissection  is  continued  on  both  sides  of  the  rectum 
and  is  extended  anterior  to  the  rectum,  posterior  to 
Denonvillier's  fascia,  separating  the  posterior  vaginal  wall 
from  the  anterior  wall  of  the  rectum  or  down  to  the  level  of 
the  prostate  in  men.  The  difficulty  of  dissection  will  vary 
depending  on  the  body  habitus  of  the  patient,  the  diameter 
of  the  pelvis,  and  the  size  of  the  tumor.  Occasionally,  rectal 
mobilization  can  be  very  difficult  to  perform  laparoscopically. 
In  some  cases,  it  may  need  to  be  completed  in  an  open 
manner  through  a  small  Pfannenstiel  incision. 

Division  of  Rectum 

The  lower  rectum  may  be  divided  with  a  stapler  either 
laparoscopically  or  by  open  surgery,  depending  on  the  ease 
of  access  related  to  the  size  of  the  pelvis  (Fig.  26.40).  A 
rotaculator  laparoscopic  stapler  may  be  used  to  divide  the 
muscle  tube  of  the  rectum  below  the  level  of  the  mesorectum. 
The  stapler  is  inserted  through  the  right  lower  quadrant 
incision,  and  two  firings  of  the  stapler  are  usually  required 
to  divide  the  rectum.  There  is  no  residual  mesorectum  to 


Part  of  rectum  to  be  t0  remainin9  colon 

removed  during  surgery 

Fig.  26.40:  Low  anterior  resection 

divide  at  this  level.  Digital  examination  is  performed  to 
confirm  the  location  of  the  distal  staple  line,  and  if  there  is 
any  doubt  about  adequacy  of  the  distal  margin,  a  rigid 
proctoscopy  is  performed. 

It  is  sometimes  impossible  to  divide  the  rectum 
laparoscopically  as  the  angulation  of  the  endovascular  stapler 
is  limited  to  45  degrees,  necessitating  open  division  of  the 
rectum.  In  some  patients,  getting  an  assistant  to  push  up  on 
the  perineum  with  their  hand  may  lift  the  pelvic  floor  enough 
to  get  the  first  cartridge  of  the  stapler  low  enough.  In  some 
cases,  placing  a  suprapubic  port  allows  easier  access  with 
the  stapler  to  allow  division  of  the  rectum. 

Some  patients  are  either  too  obese  or  have  a  very  narrow 
pelvis  or  a  long  anal  canal,  and  the  stapler  cannot  be  passed 
low  enough.  Two  options  exist.  One  is  to  perform  a  transanal 
intersphincteric  dissection,  remove  the  specimen,  and  then 
perform  a  hand-sewn  coloanal  anastomosis.  The  second  is 
to  perform  a  short  Pfannenstiel  incision,  which  allows  a  linear 
30  mm  stapler  to  be  positioned  and  the  rectum  divided. 

Extraction  and  Anastomosis 

The  specimen  can  be  extracted  either  through  a  Pfannenstiel 
incision  or  a  left  iliac  fossa  incision;  in  both  incisions,  a  wound 
protector  is  used  in  cases  with  a  polyp  or  cancer  to  reduce 
the  risk  of  tumor  implantation  in  the  wound.  The  left  colon 
mesentery  is  divided  with  cautery.  The  left  colon  is  divided 
and  the  specimen  is  removed.  Pulsatile  mesenteric  bleeding 
is  confirmed  and  the  vessels  ligated  with  0  polyglycolate 
suture  ties.  Depending  on  the  preference  of  the  operating 
surgeon,  a  colonic  pouch  or  coloplasty  may  be  performed. 
A  2/0  Prolene  purse-string  suture  is  inserted  into  the  distal 
end  of  the  left  colon  or  pouch,  the  anvil  of  a  circular  stapling 
gun  inserted,  and  the  purse-string  suture  is  tied  tightly.  If  a 
Pfannenstiel  incision  has  been  made,  the  coloanal 
anastomosis  can  be  performed  under  direct  vision  and  open 
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manipulation  following  insertion  of  a  circular  stapling  gun 
into  the  rectal  stump.  If  a  left  iliac  fossa  incision  has  been 
used,  the  colon  is  returned  to  the  abdomen  and  the  incision 
closed,  the  pneumoperitoneum  recreated,  and  the 
anastomosis  is  formed  laparoscopically.  The  anastomosis 
can  be  leak-tested  by  filling  the  pelvis  with  saline  and  inflating 
the  neorectum  using  a  proctoscope  or  bulb  syringe. 

ABDOMINOPERINEAL  RESECTION 

A  laparoscopic  abdominoperineal  resection  is  an  operation 
in  which  the  anus,  rectum,  and  sigmoid  colon  are  removed 
(Fig.  26.41).  It  is  used  to  treat  cancer  located  very  low  in  the 
rectum  or  in  the  anus,  close  to  the  sphincter  muscles. 
Laparoscopic  surgery  for  anorectal  carcinoma  is  steadily 
gaining  acceptance.  The  advantage  offered  by  laparoscopy 
has  always  centered  on  improved  vision.  This  advantage 
seems  to  be  put  to  best  use  in  the  case  of  rectal  cancer 
surgery,  where  logistic  impediments,  viz.  narrow  pelvis  and 
impaired  visibility  as  the  dissection  proceeds  caudad,  have 
proved  to  be  obstacles  to  colorectal  surgeons  during  open 
surgery.  The  recent  studies  have  shown  that  the  size  of  the 
tumor  does  not  hamper  the  feasibility  of  performing 
laparoscopic  abdomino-perineal  resection.  We  need  to 
consider  the  possibility  of  an  increased  circumferential 
margin  rate  for  large-size  tumors.  This  may  be  addressed 
by  preoperative  radiotherapy  and  chemotherapy  before 
undertaking  surgery  on  these  large  tumors.  It  is  important 
to  note,  though,  that  the  oncological  safety  is  not  only 


Fig.  26.41:  Anus,  rectum,  and  sigmoid  colon  removed  in  APR 


dependant  on  the  abdominal  procedure  but  also  on  the 
adequacy  of  the  perineal  part  of  the  operation.  Besides, 
should  tumor  injury  be  detected  intraoperatively,  it  is 
advisable  to  convert  to  open  surgery  to  control  the  amount 
of  contamination  and  complete  the  rest  of  the  procedure. 

Patient  Position 

The  patient  is  placed  supine  on  the  operating  table  on  a 
beanbag.  After  induction  of  general  anesthesia  and  insertion 
of  an  orogastric  tube  and  Foley  catheter,  the  legs  are  placed 
stirrups.  The  arms  are  tucked  at  the  patient's  side.  The 
abdomen  is  prepared  with  antiseptic  solution  and  draped 
routinely. 

Position  of  Surgical  Team 

The  primary  monitor  is  placed  on  the  left  side  of  the  patient 
up  toward  the  patient's  feet.  The  secondary  monitor  is  placed 
on  the  right  side  of  the  patient  at  the  same  level,  and  is 
primarily  for  the  assistant  during  the  early  phase  of  the 
surgery  and  port  insertion.  The  operating  nurse's  instrument 
table  is  placed  between  the  patient's  legs.  There  should  be 
sufficient  space  to  allow  the  surgeon  to  move  from  either 
side  of  the  patient  to  between  the  patient's  legs,  if  necessary. 
The  primary  operating  surgeon  stands  on  the  right  side  of 
the  patient  with  the  assistant  standing  on  the  patient's  left, 
and  moving  to  the  right  side,  caudad  to  the  surgeon,  once 
ports  have  been  inserted. 

Port  Position 

This  is  performed  using  a  Hasson  approach.  A  10  mm 
smiling  subumbilical  incision  is  made.  This  is  deepened  down 
to  the  linea  alba,  which  is  then  grasped  on  each  side  of  the 
midline  using  Kocher  clamps.  A  scalpel  (No.  15  blade)  is 
used  to  open  the  fascia  between  the  Kocher  clamps  and  a 
Kelly  forceps  is  used  to  open  the  peritoneum  bluntly.  Having 
confirmed  entry  into  the  peritoneal  cavity,  a  purse-string 
suture  of  0  polyglycolic  acid  is  placed  around  the 
subumbilical  fascial  defect.  A 10  mm  reusable  port  is  inserted 
through  this  port  wound  allowing  the  abdomen  to  be 
insufflated  with  C02  to  a  pressure  of  12  mm  Hg.  The 
laparoscope  is  inserted  into  the  abdomen  and  an  initial 
laparoscopy  is  performed,  carefully  evaluating  the  liver,  small 
bowel,  and  peritoneal  surfaces.  A  12  mm  port  is  inserted  in 
the  right  lower  quadrant  approximately  2  to  3  cm  medial 
and  superior  to  the  anterior  superior  iliac  spine.  This  is 
carefully  inserted  lateral  to  the  inferior  epigastric  vessels, 
paying  attention  to  keep  the  tract  of  the  port  going  as 
perpendicular  as  possible  through  the  abdominal  wall.  A  5 
mm  port  is  then  inserted  in  the  right  upper  quadrant  at  least 
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a  hand's  breadth  superior  to  the  lower  quadrant  port.  A  left 
lower  quadrant  5  mm  port  is  also  inserted. 

Exposure  and  Dissection  of  Retroperitoneum 

The  assistant  now  moves  to  the  patient's  left  side,  standing 
caudad  to  the  surgeon.  The  patient  is  rotated  with  the  left 
side  up  and  right  side  down,  to  approximately  15  to  20 
degrees  tilt,  and  often  as  far  as  the  table  can  go.  This  helps 
to  move  the  small  bowel  over  to  the  right  side  of  the 
abdomen.  The  patient  is  then  placed  in  the  Trendelenburg 
position.  This  again  helps  gravitational  migration  of  the  small 
bowel  away  from  the  operative  field.  The  surgeon  then 
inserts  two  atraumatic  bowel  clamps  through  the  two  right¬ 
sided  abdominal  ports.  The  greater  omentum  is  reflected 
over  the  transverse  colon  so  that  it  comes  to  lie  on  the 
stomach.  If  there  is  no  space  in  the  upper  part  of  the 
abdomen,  one  must  confirm  that  the  orogastric  tube  is 
adequately  decompressing  the  stomach.  The  small  bowel  is 
moved  to  the  patient's  right  side  allowing  visualization  of 
the  medial  aspect  of  the  rectosigmoid  mesentery  pedicle. 
This  may  necessitate  the  use  of  the  assistant's  5  mm 
atraumatic  bowel  clamp  through  the  left  lower  quadrant  to 
tent  the  sigmoid  mesentery  cephalad.  Complete  mobilization 
of  the  left  colon  is  not  required.  Adequate  mobilization  must 
allow  formation  of  a  left  iliac  fossa  colostomy  without  tension. 
Following  division  of  the  inferior  mesenteric  artery,  the  left 
mesocolon  is  separated  from  the  retroperitoneum  in  a 
medial-to-lateral  direction  using  a  spreading  movement.  An 
atraumatic  bowel  clamp  inserted  through  a  right-sided  port 
is  placed  under  the  left  colonic  mesentery,  which  is  elevated 
away  from  the  retroperitoneum,  and  using  a  scissors  inserted 
through  the  other  right-sided  port,  the  attachments  to  the 
retroperitoneum  are  swept  down,  until  the  lateral  abdominal 
wall  is  reached. 

Division  of  the  Left  Colon 

The  mesentery  of  the  left  colon  is  divided  from  the  free  edge, 
cranial  to  the  previously  divided  inferior  mesenteric  artery, 
toward  the  left  sigmoid  colon.  The  mesentery  can  be  divided 
with  diathermy  and  the  marginal  artery  can  be  clipped  and 
then  divided.  Alternatively,  an  energy  source  such  as  a 
LigaSure  may  be  used  to  divide  the  mesentery  up  to  the 
edge  of  the  bowel.  This  may  be  done  before  freeing  the 
lateral  attachments  of  the  sigmoid  and  left  colon  as  it  aids  in 
retraction. 

After  division  of  the  mesentery,  the  lateral  attachments 
of  the  sigmoid  to  the  abdominal  wall  are  divided  along  the 
white  line.  Care  is  taken  to  avoid  damage  to  the 
retroperitoneal  structures.  The  colon  is  then  divided  using  a 
linear  endoscopic  stapler  at  the  site  where  the  colonic 
mesentery  has  been  divided. 


Rectal  Mobilization 

In  women,  the  uterus  may  be  hitched  out  of  the  area  of 
dissection  with  a  suture.  Atraumatic  bowel  clamps  that  are 
inserted  through  the  left-sided  ports  are  used  to  elevate 
the  rectosigmoid  colon  out  of  the  pelvis  and  away  from 
the  retroperitoneum  and  sacral  promontory,  to  enable  entry 
into  the  presacral  space.  The  posterior  aspect  of  the 
mesorectum  can  be  identified  and  the  mesorectal  plane 
dissected  with  diathermy,  preserving  the  hypogastric  nerves 
passing  down  into  the  pelvis  anterior  to  the  sacrum. 
Dissection  continues  down  the  presacral  space  in  this 
avascular  plane  toward  the  pelvic  floor.  Attention  is  now 
switched  to  the  peritoneum  on  the  right  side  of  the  rectum. 
This  is  divided  to  the  level  of  the  seminal  vesicles  or 
rectovaginal  septum.  This  is  repeated  on  the  peritoneum 
on  the  left  side  of  the  rectum.  This  facilitates  further 
posterior  dissection  along  the  back  of  the  mesorectum  to 
the  pelvic  floor,  to  a  level  inferior  to  the  lower  edge  of  the 
mesorectum.  Usually,  when  the  approach  is  low  on  the 
posterior  surface  of  the  mesorectum,  it  becomes  necessary 
to  perform  a  lateral  and  anterior  dissection. 

A  bowel  grasper  inserted  through  the  left  iliac  fossa  port 
is  used  to  retract  the  peritoneum  anterior  to  the  rectum 
forward.  The  peritoneal  dissection  is  continued  from  the 
free  edge  of  the  lateral  peritoneal  dissection,  anteriorly. 
Lateral  dissection  is  continued  on  both  sides  of  the  rectum 
and  is  extended  anterior  to  the  rectum  in  front  of 
Denonvillier's  fascia,  separating  the  posterior  vaginal  wall 
from  the  anterior  wall  of  the  rectum  or  down  past  the  level 
of  the  prostate  in  men.  The  most  inferior  rectal  dissection 
can  be  completed  from  the  perineal  approach.  For  anterior 
tumors,  the  dissection  may  be  performed  anterior  to 
Denonvillier's  fascia,  or  by  taking  one  side  of  the  fascia  to 
protect  the  anterolateral  nerve  bundle. 

It  is  necessary  to  perform  a  total  mesorectal  excision 
and  hence  the  rectum  must  be  dissected  down  close  to  the 
muscle  tube  of  the  rectum  below  the  level  of  the  mesorectum. 
The  levators  may  then  be  divided  from  above,  staying  well 
wide  of  any  potential  tumor,  or  the  division  may  be 
performed  from  below  after  making  the  perineal  incision. 

Formation  of  Trephine  Left  Iliac  Fossa  Colostomy 

The  divided  distal  end  of  the  left  sigmoid  colon  is  grasped 
with  atraumatic  bowel  clamps,  which  are  locked.  A  trephine 
colostomy  is  made  in  the  left  iliac  fossa  at  a  site  that  has 
been  marked  by  an  enterostomal  therapist  before  surgery. 
A  skin  disk  is  excised,  and  a  longitudinal  incision  is  made  in 
the  anterior  rectus  sheath  and  the  left  rectus  muscle  is  split. 
The  peritoneum  is  held  with  two  hemostats  and  incised. 
The  stapled  colon  is  delivered  to  the  trephine  and  grasped 
with  Babcock  forceps  and  delivered  through  the  trephine. 
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The  staple  line  is  excised  and  the  end  colostomy  is  matured 
using  3/0  chromic  catgut  sutures. 

Perineal  Dissection 

The  perineal  dissection  is  performed  with  a  conventional 
open  approach  (Fig.  26.42).  The  anus  is  sutured  closed  with 
0  nylon  and  an  elliptical  skin  incision  is  made.  The  incision 
is  deepened  using  diathermy  and  the  ischiorectal  fossae  are 
entered  on  either  side,  well  lateral  to  the  external  sphincter 
muscle.  The  dissection  continues  laterally  and  posteriorly 
to  expose  the  levator  ani  muscles  (Fig.  26.43).  The  tip  of 


Fig.  26.42:  Perineal  dissection 
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Fig.  26.43:  Perineal  anatomy 


the  coccyx  is  used  as  the  posterior  landmark  and  the  pelvic 
cavity  is  entered  by  dividing  the  levator  ani  muscle  just 
anterior  to  the  tip  of  the  coccyx.  A  finger  can  be  placed  into 
the  pelvis  onto  the  upper  border  of  levator  ani,  which  is 
divided  with  diathermy  onto  the  underlying  finger.  Care  is 
taken  anteriorly  to  divide  the  remaining  levator  ani  while 
protecting  the  posterior  surface  of  the  vagina  or  prostate/ 
urethra.  The  specimen  may  then  be  delivered  out  of  the 
pelvis,  which  facilitates  division  of  the  remaining  anterior 
attachments  of  the  rectum,  reducing  the  risk  of  damage  to 
the  prostate  or  posterior  wall  of  the  vagina.  The  specimen  is 
removed,  the  pelvic  cavity  irrigated  of  blood  or  debris,  and 
the  perineal  tissue  closed  in  layers  using  polydioxanone 
sutures. 

HARTMANN  REVERSAL 

The  Hartmann  procedure  is  a  standard  life-saving  operation 
for  acute  left  colonic  complications.  It  is  usually  performed 
as  a  temporary  procedure  with  the  intent  to  reverse  it  later 
on.  This  reversal  is  associated  with  considerable  morbidity 
and  mortality  by  open  method.  The  laparoscopic 
reestablishment  of  intestinal  continuity  after  Hartmann 
procedure  has  shown  better  results  in  terms  of  decrease  in 
morbidity  and  mortality. 

There  are  several  laparoscopic  techniques  of  reversal  of 
Hartmann  procedure.  The  principle  common  to  all 
techniques  is  a  tension-free  intracorporeal  stapler 
anastomosis.  The  introduction  of  circular  stapler  in  the  rectal 
stump  helps  in  identification  and  mobilization  of  the  rectal 
stump.  Others  have  mobilized  the  colostomy  first  and  have 
used  the  colostomy  site  as  a  first  port  or  used  a  standard 
umbilical  port. 

It  is  technically  challenging  and  requires  an  experienced 
laparoscopic  surgeon  but  offers  clear  advantages  to  patients. 
Main  reasons  reported  for  conversion  to  open  were  dense 
abdominal-pelvic  adhesions  secondary  to  diffuse  peritonitis 
at  the  primary  operation,  short  delay  before  the 
reconstruction,  difficulty  in  finding  the  rectal  stump  and  rectal 
scarring.  Leaving  long  nonabsorbable  suture  ends  at  the 
rectal  stump  or  suturing  it  to  the  anterior  abdominal  wall 
helps  in  its  localization.  Other  relative  limitation  factors  could 
be  a  large  incisional  hernia  from  the  previous  laparotomy 
and  contraindications  to  general  anesthesia  and 
laparoscopy. 

Patient  Position 

The  patient  is  placed  supine  on  the  operating  table,  on  a 
beanbag.  After  induction  of  general  anesthesia  and 
insertion  of  an  orogastric  tube  and  Foley  catheter,  the  legs 
are  placed  in  lithotomy  stirrup  position.  The  arms  are 
tucked  at  the  patient's  side  and  the  beanbag  is  aspirated. 
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The  abdomen  is  prepared  with  antiseptic  solution  and 
draped  routinely. 

Position  of  Surgical  Team 

The  primary  monitor  is  placed  on  the  left  side  of  the  patient 
at  approximately  the  level  of  the  hip.  The  secondary  monitor 
is  placed  on  the  right  side  of  the  patient  at  the  same  level, 
and  is  primarily  for  the  assistant  during  the  early  phase  of 
the  surgery  and  port  insertion.  The  operating  nurse's 
instrument  table  is  placed  between  the  patient's  legs.  There 
should  be  sufficient  space  to  allow  the  surgeon  to  move 
from  either  side  of  the  patient  to  between  the  patient's  legs, 
if  necessary.  The  primary  operating  surgeon  stands  on  the 
right  side  of  the  patient  with  the  assistant  standing  on  the 
patient's  left,  and  moving  to  the  right  side,  caudad  to  the 
surgeon  once  ports  have  been  inserted.  A  30  degree  camera 
lens  is  better  to  be  used. 

The  colostomy  is  mobilized  and  all  adhesions  dissected 
through  the  fascial  opening  until  an  adequate  segment  of 
bowel  has  been  freed  from  the  surrounding  tissues.  The 
bowel  is  trimmed  as  necessary  and  a  purse-string  suture  is 
positioned  before  insertion  of  the  anvil  of  a  curved  EEA 
stapling  device.  The  bowel  is  returned  to  the  abdomen,  the 
fascia  is  closed  with  a  monofilament  suture,  but  before  tying 
the  suture  a  12  mm  port  is  inserted  at  this  site,  and  the 
abdomen  is  insufflated. 

The  laparoscope  is  inserted  into  the  abdomen  through 
the  stoma  port  to  assess  adhesions  and  allow  direct 
visualization  for  subsequent  port  insertion  and  an  initial 
laparoscopy  is  performed,  carefully  evaluating  the  liver,  small 
bowel,  and  peritoneal  surfaces.  A  10  mm  port  is  inserted  in 
the  umbilicus  for  camera  location.  A  5  mm  right  lower 
quadrant  trocar  is  placed  approximately  2  to  3  cm  medial  to 
the  anterior  superior  iliac  spine.  This  is  carefully  inserted  lateral 
to  the  inferior  epigastric  vessels,  paying  attention  to  keep  the 
tract  of  the  port  going  as  perpendicular  as  possible  through 
the  abdominal  wall.  A  5  mm  port  is  then  inserted  in  the  right 
upper  quadrant  at  least  a  hand's  breadth  superior  to  the  lower 
quadrant  port.  A  left  upper  quadrant  5  mm  port  is  inserted. 
Again  all  of  these  remaining  ports  are  kept  lateral  to  the 
epigastric  vessels.  This  may  be  ensured  by  diligence  to 
anatomic  port  site  selection  and  using  the  laparoscope  to 
transilluminate  the  abdominal  wall  before  making  the  port 
site  incision  to  identify  any  obvious  superficial  vessels. 

The  assistant  now  moves  to  the  patient's  right  side, 
standing  caudad  to  the  surgeon.  The  patient  is  rotated  with 
the  left  side  up  and  right  side  down,  to  approximately  15  to 
20  degrees  tilt,  and  often  as  far  as  the  table  can  go.  This 
helps  to  move  the  small  bowel  over  to  the  right  side  of  the 
abdomen.  The  patient  is  then  placed  in  the  Trendelenburg 


position.  This  again  helps  gravitational  migration  of  the  small 
bowel  away  from  the  operative  field.  The  surgeon  then 
inserts  two  atraumatic  bowel  clamps  through  the  two  right¬ 
sided  abdominal  ports.  The  greater  omentum  is  reflected 
over  the  transverse  colon  so  that  it  comes  to  lie  on  the 
stomach.  If  there  is  no  space  in  the  upper  part  of  the 
abdomen,  one  must  confirm  that  the  orogastric  tube  is 
adequately  decompressing  the  stomach.  The  small  bowel  is 
moved  to  the  patient's  right  side  allowing  visualization  of 
the  proximal  rectum.  Variable  degrees  of  adhesiolysis  may 
be  required.  This  may  necessitate  the  use  of  the  assistant's  5 
mm  atraumatic  bowel  clamp  through  the  stoma  trocar  or 
left  upper  quadrant. 

Left  Colon  Mobilization 

An  atraumatic  bowel  clamp  is  placed  on  the  descending 
colon  to  take  down  the  inflammatory  and  native  attachments 
to  free  it  laterally.  The  omentum  is  dissected  off  the  transverse 
colon  and  the  lesser  sac  is  entered.  The  splenic  flexure  is 
released  to  allow  a  tension-free  reach  to  the  proximal  rectum. 
The  colonic  mesentery  should  be  mobilized  off  the  Gerota's 
fascia.  The  left  ureter  is  identified  at  the  pelvic  brim  and 
freed  from  the  proximal  rectum  to  avoid  injury.  The  ureter 
should  be  just  deep  to  the  parietal  peritoneum,  and  just 
medial  and  posterior  to  the  gonadal  vessels.  Care  must  be 
taken  not  to  dissect  too  deep  or  caudad,  leading  to  injury  of 
the  iliac  vessels. 

Mobilization  of  Rectum 

An  atraumatic  bowel  clamp  inserted  through  the  left  lower 
quadrant  port  is  used  to  elevate  the  proximal  rectum  out  of 
the  pelvis  and  away  from  the  retroperitoneum  and  sacral 
promontory,  to  enable  entry  into  the  presacral  space.  The 
posterior  aspect  of  the  mesorectum  can  be  identified  and 
the  mesorectal  plane  dissected  with  diathermy,  preserving 
the  hypogastric  nerves  as  they  pass  down  into  the  pelvis 
anterior  to  the  sacrum.  Dissection  needs  to  progress  only  to 
allow  advancement  of  the  circular  stapler  to  the  end  of  the 
rectum  and  assure  that  all  the  sigmoid  has  been  resected.  If 
residual  sigmoid  is  present,  the  linear  endoscopic  stapler 
should  be  used  to  divide  the  bowel  at  the  level  of  the 
proximal  rectum.  A  site  for  rectal  division  should  be  chosen 
in  proximal,  peritonealized  rectum,  which  assures  that  the 
anastomosis  will  be  distal  to  the  sacral  promontory.  The 
rectum  is  divided  laparoscopically  with  a  linear  endoscopic 
stapler  through  the  right  lower  quadrant  trocar.  One  or  two 
firings  of  the  stapler  may  be  required  to  divide  the  rectum. 
The  mesorectum  is  divided  using  monopolar  and  bipolar 
cautery  at  this  level. 
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Specimen  Extraction  and  Anastomosis 

If  residual  sigmoid  is  required,  the  specimen  is  extracted 
through  the  stoma  site  port.  Pneumoperitoneum  is  recreated, 
and  the  circular  stapled  anastomosis  is  formed  under 
laparoscopic  guidance.  The  anastomosis  can  be  leak-tested 
by  filling  the  pelvis  with  saline  and  inflating  the  neorectum 
using  a  proctoscope  or  bulb  syringe  and  the  orientation  and 
lack  of  tension  confirmed.  Fascia  of  all  the  10  mm  or  above 
port  is  closed  and  skin  dressing  is  applied  by  usual  manner. 

Conclusion 

The  reversal  of  Hartmann  procedure  can  be  difficult  due 
tendency  of  Hartmann  segment  to  become  densely  adherent 
deep  in  the  pelvis.  The  laparoscopic  reversal  has  made  this 
major  operation  easier,  safe  and  practical.  As  a  majority  of 
these  patients  is  in  the  elderly  age  group,  it  has  the  advantage 
of  early  mobilization,  less  pain,  short  hospital  stay  and  return 
to  normal  life. 

RESECTION  RECTOPEXY 

Total  rectal  prolapse  with  chronic  constipation  and  anal 
incontinence  is  a  devastating  disorder.  It  is  more  common 
in  the  elderly,  especially  women,  although  why  it  happens 
is  unclear.  Rectal  prolapse  can  cause  complications  (such 
as  pain,  ulcers  and  bleeding),  and  cause  fecal  incontinence 
(Figs  26.44A  and  B).  Surgery  is  commonly  used  to  repair 
the  prolapse.  Rectopexy  with  or  without  bowel  resection  is 
the  most  frequent  surgical  procedure,  with  0  to  9  percent 
recurrence  rates  in  many  years.  Laparoscopic  resection 
rectopexy  is  safely  feasible  as  a  minimally-invasive  treatment 
option  for  rectal  prolapse. 

Patient  Position 

The  patient  is  placed  supine  on  the  operating  table,  on  a 
beanbag.  After  induction  of  general  anesthesia  and  insertion 
of  an  orogastric  tube  and  Foley  catheter,  the  legs  are  placed 
in  Dan  Allen  stirrups.  The  arms  are  tucked  at  the  patient's 
side.  The  abdomen  is  prepared  with  antiseptic  solution  and 
draped  routinely. 

Position  of  Surgical  Team 

The  primary  monitor  is  placed  on  the  left  side  of  the  patient 
at  approximately  the  level  of  the  hip.  The  secondary  monitor 
is  placed  on  the  right  side  of  the  patient  at  the  same  level, 
and  is  primarily  for  the  assistant  during  the  early  phase  of 
the  surgery  and  port  insertion.  The  operating  nurse's 
instrument  table  is  placed  between  the  patient's  legs.  There 
should  be  sufficient  space  to  allow  the  surgeon  to  move 
from  either  side  of  the  patient  to  between  the  patient's  legs, 
if  necessary.  The  primary  operating  surgeon  stands  on  the 


Figs  26.44A  and  B:  Rectal  prolapse 


right  side  of  the  patient  with  the  assistant  standing  on  the 
patient's  left,  and  moving  to  the  right  side,  caudad  to  the 
surgeon  once  ports  have  been  inserted.  A  0  degree  camera 
lens  is  used. 

Port  Position 

This  is  performed  using  a  Hasson  approach.  A  smiling  10 
mm  subumbilical  incision  is  made.  This  is  deepened  down 
to  the  linea  alba,  which  is  then  grasped  on  each  side  of  the 
midline  using  Kocher  clamps.  A  scalpel  (No.  15  blade)  is 
used  to  open  the  fascia  between  the  Kocher  clamps  and  a 
Kelly  forceps  is  used  to  open  the  peritoneum  bluntly.  The 
telescope  is  inserted  into  the  abdomen  and  an  initial 
laparoscopy  is  performed,  carefully  evaluating  the  liver,  small 
bowel,  and  peritoneal  surfaces.  A  12  mm  port  is  inserted  in 
the  right  lower  quadrant  approximately  2  to  3  cm  medial 
and  superior  to  the  anterior  superior  iliac  spine.  This  is 
carefully  inserted  lateral  to  the  inferior  epigastric  vessels, 
paying  attention  to  keep  the  tract  of  the  port  going  as 
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perpendicular  as  possible  through  the  abdominal  wall.  A  5 
mm  port  is  then  inserted  in  the  right  upper  quadrant  at  least 
a  hand's  breadth  superior  to  the  lower  quadrant  port.  A  left 
lower  quadrant  5  mm  port  is  inserted.  All  the  ports  are  more 
or  less  obeying  the  baseball  diamond  concept. 

Dissection 

The  patient  is  rotated  with  the  left  side  up  and  right  side 
down,  to  approximately  15  to  20  degrees  tilt,  and  often  as 
far  as  the  table  can  go.  This  helps  to  move  the  small  bowel 
over  to  the  right  side  of  the  abdomen.  The  patient  is  then 
placed  in  the  Trendelenburg  position.  This  again  helps 
gravitational  migration  of  the  small  bowel  away  from  the 
operative  field.  The  surgeon  then  inserts  two  atraumatic 
bowel  clamps  through  the  two  right-sided  abdominal  ports. 
The  greater  omentum  is  reflected  over  the  transverse  colon 
so  that  it  comes  to  lie  on  the  stomach.  If  there  is  no  space  in 
the  upper  part  of  the  abdomen  one  must  confirm  that  the 
orogastric  tube  is  adequately  decompressing  the  stomach. 
The  small  bowel  is  moved  to  the  patient's  right  side  allowing 
visualization  of  the  medial  aspect  of  the  rectosigmoid 
mesentery.  This  may  necessitate  the  use  of  the  assistant's  5 
mm  atraumatic  bowel  clamp  through  the  left  lower  quadrant 
to  tent  the  sigmoid  mesentery  cephalad. 

Division  of  Inferior  Mesenteric  Vessel 

An  atraumatic  bowel  clamp  is  placed  on  the  rectosigmoid 
mesentery  at  the  level  of  the  sacral  promontory, 
approximately  half  way  between  the  bowel  wall  and  the 
promontory  itself.  This  area  is  then  stretched  up  towards 
the  left  lower  quadrant  port,  stretching  the  inferior  mesenteric 
vessels  away  from  the  retroperitoneum.  In  most  cases,  this 
demonstrates  a  groove  between  the  right  or  medial  side  of 
the  inferior  mesenteric  pedicle  and  the  retroperitoneum. 
Cautery  is  used  to  open  the  peritoneum  along  this  line, 
opening  the  plane  cranially  up  to  the  origin  of  the  inferior 
mesenteric  artery,  and  caudally  past  the  sacral  promontory. 
Blunt  dissection  is  then  used  to  lift  the  vessels  away  from 
the  retroperitoneum  and  presacral  autonomic  nerves.  The 
ureter  is  then  looked  for  under  the  inferior  mesenteric  artery. 
If  the  ureter  cannot  be  seen,  and  the  dissection  is  in  the 
correct  plane,  the  ureter  should  be  just  deep  to  the  parietal 
peritoneum,  and  just  medial  to  the  gonadal  vessels.  Care 
must  be  taken  not  to  dissect  too  deep  or  caudad  leading  to 
injury  of  the  iliac  vessels. 

If  the  ureter  cannot  be  found,  it  has  usually  been  elevated 
on  the  back  of  the  inferior  mesenteric  pedicle,  and  one  needs 
to  stay  very  close  to  the  vessel  not  only  to  find  the  ureter  but 
also  to  protect  the  autonomic  nerves.  If  the  ureter  still  cannot 
be  found,  the  dissection  needs  to  come  in  a  cranial 
dissection,  which  is  usually  into  clean  tissue  allowing  it  to 


be  found.  If  this  fails,  a  lateral  approach  can  be  performed. 
This  usually  gives  a  fresh  perspective  to  the  tissues,  and  the 
ureter  can  often  be  found  quite  easily.  In  very  rare  cases  the 
ureter  still  may  not  be  found. 

The  dissection  should  allow  sufficient  mobilization  of  the 
inferior  mesenteric  artery  so  that  the  origin  of  the  left  colic 
artery  is  seen.  The  vessel  is  carefully  defined  and  divided 
just  distal  to  the  left  colic  artery.  A  clamp  is  placed  on  the 
origin  of  the  vessel  to  control  it  if  clips  or  other  energy  sources 
do  not  adequately  control  the  vessel.  In  general,  a  cartridge 
of  the  endoscopic  linear  stapler  is  used  to  divide  the  vessel. 
Having  divided  the  pedicle,  the  plane  between  the  sigmoid 
colon  mesentery  and  the  retroperitoneum  is  developed 
laterally,  out  towards  the  lateral  attachment  of  the  colon. 
Limited  mobilization  of  the  mesentery  off  the  anterior  surface 
of  Gerota's  fascia  and  of  the  left  colon  should  be  performed 
to  enhance  fixation  of  the  rectum. 

Mobilization  of  the  Lateral  Attachments 
of  the  Rectosigmoid 

The  surgeon  now  grasps  the  rectosigmoid  junction  with  his 
left-hand  instrument  and  draws  it  to  the  patient's  right  side. 
This  allows  the  lateral  attachments  of  the  sigmoid  colon  to 
be  seen  and  divided  using  cautery.  Bruising  from  the  prior 
retroperitoneal  mobilization  of  the  colon  can  usually  be  seen 
in  this  area.  Once  this  layer  of  peritoneum  has  been  opened, 
one  immediately  enters  into  the  space  opened  by  the 
retroperitoneal  dissection.  No  dissection  should  be 
performed  more  proximally  along  the  white  line  of  Toldt, 
toward  the  splenic  flexure. 

Mobilization  of  Rectum 

An  atraumatic  bowel  clamp  inserted  through  the  left  lower 
quadrant  port  is  used  to  elevate  the  rectosigmoid  colon  out 
of  the  pelvis  and  away  from  the  retroperitoneum  and  sacral 
promontory,  to  enable  entry  into  the  presacral  space.  The 
posterior  aspect  of  the  mesorectum  can  be  identified  and 
the  mesorectal  plane  dissected  with  diathermy,  preserving 
the  hypogastric  nerves  as  they  pass  down  into  the  pelvis 
anterior  to  the  sacrum.  Dissection  continues  down  the 
presacral  space  in  this  avascular  plane  toward  the  pelvic 
floor.  Only  the  posterior  60  percent  of  the  rectum  needs  to 
be  mobilized;  however,  dissection  should  be  continued  all 
the  way  to  the  levator  ani  muscles.  A  transanal  examining 
finger  should  be  used  to  confirm  the  distal  extent  of  the 
dissection.  The  lateral  stalks  should  be  preserved.  The 
peritoneum  on  either  side  of  the  rectum  should  be  incised 
to  the  level  of  the  lateral  stalks.  The  lateral  stalks  should 
generally  be  preserved,  the  exception  being  when  further 
dissection  must  completely  reduce  a  very  distal  prolapsing 
segment. 
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Rectal  Division 

The  fully  mobilized  rectum  should  be  elevated  out  of  the 
pelvis  and  a  site  selected  for  optimal  rectal  tension  to 
maintain  full  reduction  of  the  prolapse.  A  site  for  rectal 
division  should  be  chosen  in  proximal,  peritonealized 
rectum,  which  assures  that  the  anastomosis  will  be  rostral 
to  the  sacral  promontory.  The  rectum  is  divided 
laparoscopically  with  a  linear  endoscopic  stapler  through 
the  right  lower  quadrant  trocar.  One  or  two  firings  of  the 
stapler  may  be  required  to  divide  the  rectum.  The 
mesorectum  is  divided  using  monopolar  and  bipolar  cautery 
at  this  level. 


Specimen  Extraction  and  Anastomosis 

The  specimen  is  extracted  through  a  left  iliac  fossa  incision. 
Before  making  the  incision,  the  proximal  colonic  transaction 
point  should  be  grasped  with  a  locking  atraumatic  bowel 
grasper.  This  site  should  allow  a  colorectal  anastomosis  that 
will  provide  a  safe  amount  of  tension  on  the  rectum  to 
maintain  prolapse  reduction.  After  extracorporeal  bowel 
transaction,  adequate  vascularity  of  the  colon  should  be 
assured.  A  2/0  Prolene  purse-string  suture  is  inserted  into 
the  distal  end  of  the  left  colon,  the  anvil  of  a  circular  stapling 
gun  is  inserted  and  the  purse-string  suture  is  tied  tightly. 
The  colon  is  returned  to  the  abdomen  and  the  left  iliac  fossa 
incision  is  closed  in  layers  with  0  polygly colic  acid  suture. 
Pneumoperitoneum  is  recreated,  and  the  circular  stapled 
anastomosis  is  formed  under  laparoscopic  guidance.  The 
anastomosis  can  be  leak-tested  by  filling  the  pelvis  with  saline 
and  inflating  the  neorectum  using  a  proctoscope  or  bulb 
syringe. 

Rectopexy  (Figs  26.45A  and  B) 

The  rectum  is  retracted  rostrally  to  the  desired  tension  to 
allow  complete  reduction  of  the  prolapse.  The  rectopexy  is 
then  performed  from  the  right  side  using  the  two  remaining 
ports.  Two  or  three  nonabsorbable  sutures  are  used  to  attach 
the  mesorectum  distal  to  the  anastomosis  to  the  sacral 
promontory.  Alternatively,  nitinol  or  titanium  tackers  may 
be  employed  using  one  of  the  mechanical  fixation  devices 
used  for  mesh  hernia  repairs. 

WELLS  OR  MARLEX  RECTOPEXY 

Rectal  prolapse  is  a  distressing  condition  especially  when 
associated  with  fecal  incontinence  and  constipation.  It  usually 
occurs  in  children  or  elderly.  Presently  laparoscopic 
approach  is  favored  as  it  has  better  results  especially  in  terms 
of  less  postoperative  pain,  shorter  hospital  stay  and  lower 
cost.  The  pelvic  sympathetic  and  parasympathetic  nerves 
run  along  the  rectum;  if  dissection  is  not  carried  out  in  the 


Figs  26.45A  and  B:  Resection  rectopexy 

proper  plane,  injury  can  occur,  leading  to  bladder 
dysfunction,  impotence,  and/or  retrograde  ejaculation.  This 
is  an  important  consideration  when  trying  to  decide  which 
procedure  to  perform,  especially  in  men,  although  the  risk 
of  injury  should  be  less  than  1  to  2  percent.  Perineal 
procedures  and  anterior  resection  have  a  low-risk  of  outlet 
obstruction.  Abdominal  procedures  of  rectopexy  that  tack 
the  rectum  to  the  sacrum  can  cause  outlet  obstruction  if  the 
rectum  is  wrapped  circumferentially,  often  requiring  release 
of  the  fixation  to  treat  the  problem. 

In  a  Marlex  rectopexy  (Ripstein  procedure),  the  entire 
rectum  is  mobilized  down  to  the  coccyx  posteriorly,  the  lateral 
ligaments  laterally,  and  the  anterior  cul-de-sac  anteriorly.  A 
nonabsorbable  material,  such  as  Marlex  mesh  or  an  Ivalon 
sponge,  is  then  fixed  to  the  presacral  fascia.  The  rectum  is 
then  placed  on  tension,  and  the  material  is  partially  wrapped 
around  the  rectum  to  keep  it  in  position.  The  anterior  wall  of 
the  rectum  is  not  covered  with  the  sponge  or  mesh  in  order 
to  prevent  a  circumferential  obstruction.  The  peritoneal 
reflections  are  then  closed  to  cover  the  foreign  body.  The 
Marlex  mesh  or  sponge  causes  an  inflammatory  reaction  that 
scars  and  fixes  the  rectum  into  place. 

The  Wells  procedure  was  followed  by  rectal  dysfunction 
accompanied  by  increased  constipation  and  evacuation 
problems.  The  Ripstein  procedure,  preserving  the  lateral 
ligaments,  appears  not  to  affect  such  symptoms  adversely. 
Modified  mesh  rectopexy  aligns  the  rectum,  avoids  excessive 
mobilization  and  division  of  lateral  ligaments  thus  preventing 
constipation  and  preserving  potency.  We  recommend  this 
technique  for  patients  with  complete  rectal  prolapse  with 
up  to  grade  1,  2  and  3  incontinence  based  on  Browning 
and  Parks  classification. 

During  wells  rectopexy  the  dissection  should  allow 
sufficient  mobilization  of  the  inferior  mesenteric  artery  so 
that  the  origin  of  the  left  colic  artery  is  seen.  The  pedicle  is 
not  divided. 
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The  plane  between  the  sigmoid  colon  mesentery  and 
the  retroperitoneum  is  developed  laterally,  out  toward  the 
lateral  attachment  of  the  colon.  Limited  mobilization  of  the 
mesentery  off  the  anterior  surface  of  Gerota's  fascia  and  of 
the  left  colon  should  be  performed  to  enhance  fixation  of 
the  rectum. 

Ripstein's  operation  often  improved  anal  continence  in 
patients  with  rectal  prolapse  and  rectal  intussusception.  This 
improvement  was  accompanied  by  increased  Maximum 
resting  pressure  in  patients  with  rectal  prolapse,  indicating 
recovery  of  internal  anal  sphincter  function.  In  one  of  the 
study  at  Department  of  Surgery,  Karolinska  Institute  at 
Danderyd  Hospital,  Stockholm,  Sweden  maximum  resting 
pressure  (52+/-  23  mm  Hg)  was  found  in  Ripstein  operation 
than  patients  with  rectal  prolapse.  No  postoperative  increase 
in  MRP  was  found  in  patients  with  rectal  intussusception. 
This  suggests  an  alternate  mechanism  of  improvement  in 
patients  with  rectal  intussusception. 

Mobilization  of  the  Lateral  Attachments  of  the 
Rectosigmoid 

For  rectal  prolapse  surgery  lateral  mobilization  the  surgeon 
grasps  the  rectosigmoid  junction  with  his  left-hand 
instrument  and  draws  it  to  the  patient's  right  side.  This  allows 
the  lateral  attachments  of  the  sigmoid  colon  to  be  seen  and 
divided  using  cautery.  Bruising  from  the  prior  retroperitoneal 
mobilization  of  the  colon  can  usually  be  seen  in  this  area. 
Once  this  layer  of  peritoneum  has  been  opened,  one 
immediately  enters  into  the  space  opened  by  the 
retroperitoneal  dissection.  No  dissection  should  be 
performed  more  proximally  along  the  white  line  of  Toldt, 
toward  the  splenic  flexure. 

Rectal  Mobilization 

An  atraumatic  bowel  clamp  inserted  through  the  left  lower 
quadrant  port  is  used  to  elevate  the  rectosigmoid  colon  out 
of  the  pelvis  and  away  from  the  retroperitoneum  and  sacral 
promontory,  to  enable  entry  into  the  presacral  space.  The 
posterior  aspect  of  the  mesorectum  can  be  identified  and 
the  mesorectal  plane  dissected  with  diathermy,  preserving 
the  hypogastric  nerves  as  they  pass  down  into  the  pelvis 
anterior  to  the  sacrum.  Dissection  continues  down  the 
presacral  space  in  this  avascular  plane  toward  the  pelvic 
floor.  Only  the  posterior  60  percent  of  the  rectum  needs  be 
mobilized;  however,  dissection  should  be  continued  all  the 
way  to  the  levator  ani  muscles.  A  transanal  examining  finger 
should  be  used  to  confirm  the  distal  extent  of  the  dissection. 
The  peritoneum  on  either  side  of  the  rectum  should  be 
incised  to  the  level  of  the  lateral  stalks.  The  lateral  stalks 
should  generally  be  preserved,  the  exception  being  when 


further  dissection  must  completely  reduce  a  very  distal 
prolapsing  segment.  The  rectum  is  not  divided  in  case  of 
wells  rectopexy. 

Rectopexy 

A  2  to  4  cm  portion  of  polypropylene  mesh  is  rolled  and 
inserted  through  the  umbilical  trocar.  The  camera  is 
reinserted  and  the  mesh  is  positioned  at  the  sacral 
promontory.  A  mechanical  device  used  for  hernia  mesh 
fixation  is  used  to  fix  the  mesh  to  the  promontory.  This  may 
be  inserted  through  the  right  lower  quadrant  port,  but  if 
adequate  access  cannot  be  obtained,  a  5  mm  suprapubic 
port  may  be  inserted.  Great  care  must  be  taken  not  to  tear 
or  strip  off  the  presacral  fascia  when  stapling  the  mesh  in 
place. 

The  rectum  is  retracted  rostrally  to  the  desired  tension 
to  allow  complete  reduction  of  the  prolapse,  which  is 
confirmed  by  digital  rectal  examination.  The  rectopexy  is 
then  performed  from  the  right  side  using  the  two  right-sided 
trocars.  Two  or  three  nonabsorbable  sutures  are  used  to 
attach  the  distal  mesorectum  to  the  mesh  at  the  promontory, 
sufficient  to  maintain  adequate  tension.  Alternatively,  the 
mechanical  fixation  device  used  for  mesh  fixation  may  be 
employed. 

Complication  of  Colorectal  Surgery 

The  exact  frequency  and  severity  of  complications  are 
difficult  to  determine  due  to  heterogeneous  definitions, 
patient  populations,  procedures,  comobidities,  and  intensity 
of  follow-up.  One  perspective  of  the  incidence  of 
complications  can  be  gleaned  from  four  recent  randomized 
controlled  trials  comparing  laparoscopic  to  open  colon 
resections  for  cancer  (Table  26.1). 

Wound  Infection 

Superficial  wound  infections  are  the  most  common 
complication  of  colorectal  surgery.  The  previously  held  belief 
that  preoperative  cathartic  and  oral  antibiotic  bowel 
preparation  was  mandatory  to  prevent  postoperative 
infections  has  recently  been  debunked  by  multiple 
randomized  controlled  trials.  Superficial  wound  infections 
are  recognized  by  any  combination  of  erythema,  induration, 
tenderness,  or  drainage  at  the  wound  site.  Systemic  signs  of 
fever  and  tachycardia  may  also  be  present.  The  infection 
may  manifest  as  an  abscess,  cellulitis,  or  a  combination  of 
the  two.  When  suspected,  the  wound  should  be  carefully 
inspected  and  when  a  collection  is  detected,  it  is  drained  by 
reopening  the  wound.  Gram  stain  can  assist  in  management 
and  antibiotic  selection. 
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Table  26.1 :  Complication  rates  following  laparoscopic  and  open  colon  resections 


Barcelona  Trial 

Cost  Trial 

Classic  Trial 

Color  Trial 

Wound  infection 

11.9  percent 

2.5  percent 

8.7  percent 

3.3  percent 

Persistent  ileus 

5.5  percent 

2.8  percent 

Evisceration 

0.9  percent 

0.8  percent 

Bleeding 

0.5  percent 

1.2  percent 

4.8  percent 

1.9  percent 

Anastomotic  leak 

0.9  percent 

6.0  percent 

2.3  percent 

Pneumonia 

0  percent 

6.5  percent 

1.9  percent 

UTI 

0.5  percent 

1 .2  percent 

2.3  percent 

ARF 

1.4  percent 

DVT 

1  percent 

Cardiac 

2.6  percent 

1.2  percent 

URI:  Urinary  tract  infection;  ARF:  Acute  renal  failure;  DVT:  Deep  venous  thrombosis 

Anastomotic  Leak 

During  laparoscopic  colorectal  surgery  anastomotic  leak  is 
a  common,  potentially  life  threatening  complication 
associated  with  significant  morbidity,  increased  risk  of  local 
recurrence  of  cancer,  decreased  functional  outcomes, 
increased  length  of  stay,  high-risk  of  (permanent)  ostomy, 
and  death.  Leaks  are  variably  defined  in  the  literature,  but 
in  general  regarded  as  perianastomotic  stool,  gas,  or  abscess, 
peritonitis,  or  a  fecal  fistula.  The  incidence  of  anastomotic 
leak  following  colectomy  is  generally  reported  between  2 
and  6  percent.  Anastomotic  leaks  present  in  one  of  three 
ways. 

1.  Asymptomatic  leak 

2.  Subtle  insidious  leak 

3.  Dramatic  early  leak 

After  surgery  the  asymptomatic  leak  is  incidentally  found 
during  endoscopic  or  radiographic  studies.  The  incidence 
of  radiographically  detected  leaks  is  4  to  6  times  higher 
than  clinically  detected  leaks.  These  leaks,  which  often 
present  weeks  or  months  later,  are  typically  walled  off 
sinuses,  and  are,  as  a  general  rule,  harmless.  Treatment  is 
rarely  necessary.  The  subtle  insidious  leak  can  present 
perioperatively  with  nonspecific  signs  and  symptoms 
common  in  the  postoperative  period.  Such  signs  include 
low  grade  fevers,  mild  leukocytosis,  protracted  ileus,  and 
failure  to  thrive  and  occur  5  to  14  days  following  surgery. 
Management  of  the  stable  patient  without  signs  of  peritonitis 
usually  begins  with  imaging  to  identify  and  localize  the 
process.  Traditionally,  water-soluble  contrast  enema  has 
been  the  primary  study  to  identify  leaks.  Drawbacks  include 
lower  sensitivity  for  right-sided  anastomosis  as  the  contrast 
dilutes  out  before  reaching  the  proximal  bowel.  It  also 
provides  little  information  on  extracolonic  conditions  such 
as  ileus  and  collections.  Abdominopelvic  CT  scan  with  triple 


contrast  (oral,  intravenous,  and  rectal)  has  become  the 
imaging  modality  of  choice  to  evaluate  suspected 
postoperative  intra-abdominal  infection.  Specificity  during 
the  first  five  days  postoperative,  however,  is  reduced.  During 
this  period,  infectious  processes  may  be  difficult  to 
differentiate  from  acute  postoperative  inflammation  and  fluid 
collections.  Sensitivity  is  much  improved  beyond  5  to  7  days. 
CT  scan  and  contrast  enema  can  also  be  used  as 
complimentary  studies. 

If  there  is  large  collections,  it  can  often  amenable  to 
percutaneous,  transgluteal,  or  transanal  image  guided 
catheter  drainage.  The  images  should  be  reviewed  with  an 
interventional  radiologist  to  identify  a  safe  window  of  access 
that  avoids  vascular  structures  and  other  organs.  Abscesses 
less  than  3  to  4  cm  are  too  small  for  most  pigtail  catheters 
and  will  often  resolve  with  a  course  of  antibiotics.  In  the  era 
of  modern  CT  scanning  and  interventional  radiology,  the 
routine  practice  of  repeat  laparotomy,  abdominal  washouts, 
large  sump  drains,  and  open  abdominal  wound 
management  is  rarely  necessary  and  can  be  reserved  for 
patients  who  fail  to  respond  to,  deteriorate  following,  or  are 
not  candidates  for  percutaneous  drainage. 

Sometime  management  of  the  patient  with  progressive 
generalized  peritonitis  with  or  without  septic  shock  requires 
resuscitation  in  ICU  with  broad  spectrum  antibiotics  and 
urgent  laparotomy.  Laparoscopic  management  may  be 
considered  if  the  surgeon  has  sufficient  laparoscopic  skills 
and  reoperative  experience.  At  the  time  of  surgery,  the 
anastomosis  should  be  scrutinized  for  signs  which  led  to  its 
failure.  This  can  guide  the  appropriate  method  of  repair. 

After  laparoscopic  colorectal  surgery  if  the  findings  at 
operation  show  ischemia  and  necrosis  of  greater  than  one- 
third  of  the  anastomosis,  the  anastomosis  should  be  resected 
with  creation  of  a  stoma.  If  the  mucous  fistula  can  be  brought 
up  to  the  skin,  it  should  ideally  be  fashioned  through  the 
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same  site  as  the  proximal  ostomy.  When  performed  in  this 
fashion,  subsequent  ostomy  reversal  can  be  done  via  a 
circumstomal  incision,  obviating  the  need  for  formal 
laparotomy  and  its  associated  morbidity.  If  the  findings  at 
operation  identify  a  smaller  leak  with  healthy  bowel,  the 
anastomosis  can  usually  be  salvaged  with  suture  repair, 
proximal  diversion,  and  washout  of  the  distal  segment.  Our 
preferred  diversion  is  a  loop  ileostomy. 

Early  Postoperative  Small  Bowel  Obstruction 

After  colorectal  laparoscopic  surgery  early  postoperative  bowel 
obstruction  is  rare,  occurring  in  1  percent  of  patients.  This 
time  period  accounts  for  5  to  29  percent  of  all  small  bowel 
obstructions.  Most  obstructions  are  caused  by  adhesions  which 
form  within  72  hours  of  surgery  then  become  very  dense  and 
vascular  after  two  to  three  weeks.  Obstructions  are  more 
common  following  colorectal  and  gynecological  procedures 
than  following  appendectomy  or  procedures  located  above 
the  transverse  colon.  Signs  and  symptoms  of  early 
postoperative  small  bowel  obstruction  are  similar  to  and  hard 
to  differentiate  from  the  more  common  paralytic  ileus.  Patients 
typically  develop  abdominal  distention,  nausea,  and  vomiting, 
but  cannot  tolerate  nasogastric  tube  clamping  or  removal. 
Most  patients  have  a  slow,  smoldering  course  with 
emergencies  being  the  exception. 

Surgeon  should  try  to  manage  obstruction  conservatively 
initially.  There  is  a  fine  balance  between  waiting  for  the 
obstruction  to  resolve  and  rushing  a  patient  to  the  operating 
room.  In  the  first  week  following  surgery,  obstruction  is  hard 
to  differentiate  from  ileus.  Between  2  weeks  and  2  months 
postoperative  adhesions  become  thick,  vascular  and 
obliterate  natural  planes  making  surgery  much  more  difficult 
and  prone  to  complications.  The  decision  to  operate  should, 
therefore,  occur  between  7  and  14  days. 

If  patient  has  symptoms  of  obstruction,  plain  films  readily 
diagnose  most  small  bowel  obstructions.  Oral  administration 
of  water  soluble  contrast  followed  by  an  abdominal  plain 
film  or  CT  scan  4  hours  later  is  good  predictor  of  resolution 
of  a  small  bowel  obstruction.  Contrast  in  the  colon  indicates 
the  obstruction  is  likely  to  resolve  with  non-operative  means. 
CT  scan  may  be  useful  in  identifying  signs  of  ischemia,  other 
intraabdominal  processes  and  in  localizing  the  site  of 
obstruction  for  operative  planning. 

Initial  management  of  the  stable  patient  involves  fluid 
and  electrolyte  replacement,  bowel  rest,  nasogastric  tube 
drainage,  and  a  nutritional  evaluation.  Total  parenteral 
nutrition  should  be  started  as  soon  as  detected  leak. 
Operation  is  advised  for  high  grade  or  complete  bowel 
obstruction,  concern  for  strangulated  bowel,  or  unresolved 
small  bowel  obstruction  despite  prolonged  NGT 
decompression. 


If  proper  care  is  insured  most  patients  resolve  with  non¬ 
operative  management.  If  surgery  becomes  necessary,  it 
should  occur  prior  to  the  two  weeks  mark  after  which  the 
acute  adhesions  become  dense,  vascular,  and  problematic. 
Surgery  involves  careful  re-exploration  and  lysis  of 
adhesions.  Operative  findings  usually  reveal  either  a  single 
adhesive  band  or  multiple  matted  adhesions,  each  occurring 
with  similar  frequency. 

After  colorectal  surgery  if  obstruction  develops, 
laparoscopic  exploration  and  adhesiolysis  is  being  increasingly 
utilized  for  small  bowel  obstructions.  Advanced  laparoscopic 
skills  and  experience  are  a  prerequisite  because  access  is 
difficult  in  these  patients.  Poor  candidates  for  laparoscopic 
management  include  patients  with  signs  of  peritonitis,  multiple 
previous  operations  for  small  bowel  obstruction,  small  bowel 
diameter  greater  than  4  cm,  or  other  medical  contraindication 
to  laparoscopy.  Pneumoperitoneum  should  be  established 
with  an  open  technique  at  a  site  remote  from  the  previous 
incision.  Atraumatic  graspers  are  used  to  explore  the  bowel 
in  a  retrograde  fashion  beginning  with  decompressed  bowel 
at  the  ileocecal  valve.  Distended  bowel  is  fragile  and  should 
not  be  graped:  grasping  the  adjacent  mesentery  reduces  the 
risk  of  inadvertent  bowel  perforation.  Adhesiolysis  is  best 
performed  with  scissors  or  bipolar  cautery  devices  to  reduce 
the  risk  of  adjacent  bowel  injury.  Conversion  rates  range  from 
7  to  43  percent.  Proactive  reasons  to  convert  include  poor 
visualization,  nonviable  intestine,  multiple  dense  adhesions, 
deep  pelvic  adhesions,  and  failure  to  progress  in  a  reasonable 
time. 

TIPS  AND  TRICKS 

To  avoid  intraoperative  complications: 

•  Create  adequate  exposure 

•  Use  proper  traction  and  counter  traction 

•  Develop  the  right  planes 

•  Standardize  the  assistant's  role 

•  Beware  of  the  variations  of  vasculature  and  anatomy 

•  Should  visualization  be  compromised  during  the 
procedure  it  is  easy  to  switch  to  a  30°  laparoscope  for  a 
more  topographical  view?  Applying  the  angled  30° 
laparoscope  can  also  be  helpful  to  manage  external  arm 
collisions  during  tight  set-up  situations,  as  the  camera 
arm  angle  changes  depending  on  the  endoscopy  used. 
Additionally,  with  angled  30°  laparoscope  the  surgeon 
has  the  ability  to  rotate  the  viewing  angle  of  the  scope 
(out  of  the  horizontal  image  plane)  and  minimize 
collisions  as  well. 

•  Leave  1  to  1.5  cm  on  either  side  of  the  transacted  IMA 
and  IMV  so  that  if  any  bleeding  occurs  grasping  of  the 
vessel  is  still  possible  to  allow  application  of  the 
hemostatic  technique  (clips,  LigaSure™  or  suture). 
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•  Distance  the  ports  as  much  as  possible  from  each  other 
during  initial  port  placement  (minimum  of  7.5  cm). 
Placing  the  patient  in  a  steeper  Trendelenburg  position 
can  increase  the  vertical  spacing  between  the  arms  and 
potentially  eliminate  or  minimize  arising  collisions. 

•  Before  dividing  any  tissues,  identify  the  ureter  and 
gonadal  vessels  one  more  time. 

•  During  all  procedure  steps  clear  communication  with 
the  patient-side  assistant  is  essential. 

CONCLUSION 

The  laparoscopic  technique  reduces  the  parietal  aggression 
and  achieves  the  same  results  as  traditional  surgery.  Patients 
recover  faster  and  experience  less  pain,  with  fewer  wound 
infections,  postoperative  hernias,  less  time  in  hospital  and 
reduced  costs.  But  laparoscopic  colonic  surgery  requires 
extensive  and  highly  specialized  training,  with  few  surgeons 
qualified  to  perform  these  procedures.  The  recent  conclusion 
of  the  oncologic  debate  together  with  the  rapid  development 
of  technological  means  and  the  increase  in  public  awareness 
will  probably  result  in  a  substantial  increase  in  the  number 
of  surgeons  performing  laparoscopic  colorectal  surgery. 
Laparoscopic  technique  is  an  excellent  approach  though 
not  yet  the  gold  standard.  A  smooth  performance  of  this 
technique  depends  on:  the  quality  of  the  equipment;  perfect 
knowledge  of  the  operative  steps;  exposure  of  operative  field; 
the  experience  of  the  surgical  team.  Operative  times  are 
somewhat  longer  than  open  procedures  but  become  shorter 
along  the  learning  curve.  Right  colectomies  are  shorter  and 
easier  to  perform  than  left-sided  and  rectal  resections  and 
should  be  employed  for  teaching  residents.  The  conversion 
rate  would  not  necessarily  drop  after  the  first  50  cases  and 
should  reflect  good  surgical  judgment  rather  than  a  surgical 
failure. 
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Laparoscopic  Adhesiolysis 


Peritoneal  adhesion  is  a  common  cause  of  bowel  obstruction, 
pelvic  pain  and  infertility.  Proper  technique  of  adhesiolysis  is 
important  and  operating  surgeons  should  have  clear  concept 
of  mechanism  of  adhesion  formation. 

Normal  fibrinolytic  activity  prevents  fibrinous  attachments 
for  72  to  96  hours  after  surgery  and  mesothelial  repair  occurs 
within  5  days  of  trauma.  Within  these  5  days  a  single  cell  layer 
of  new  peritoneum  covers  the  injured  raw  area,  replacing  fibrinous 
exudates.  However,  if  fibrinous  activity  of  the  peritoneum  is 
suppressed,  fibroblast  will  migrate,  proliferate  and  form  fibrous 
adhesion.  Collagen  is  deposited  and  neovascular  formation  starts. 

The  most  important  factors  which  suppress  fibrinolytic 
activity  and  promote  adhesion  formation  are: 

•  Port  wound  just  above  the  target  of  dissection 

•  Tissue  ischemia 

•  Drying  of  serosal  surfaces 

•  Excessive  suturing  omental  patches 

•  Traction  of  peritoneum 

•  Blood  clots,  stones  or  dead  tissue  retained  inside 

•  Prolonged  operation 

•  Visceral  injury 

•  Infection 

•  Delayed  postoperative  mobilization  of  patient 

•  Postoperative  pain  due  to  inadequate  analgesia. 

CONTRAINDICATIONS 

•  Hemodynamic  instability 

•  Uncorrected  coagulopathy 

•  Severe  cardiopulmonary  disease 

•  Abdominal  wall  infection 

•  Multiple  previous  upper  abdominal  procedures 

•  Late  pregnancy. 

Patient  Position 

The  anesthetized  patient  is  placed  on  the  operating  table  with 
the  legs  straight  or  lithotomy  position  if  female.  The  lithotomy 


position  will  allow  the  gynecologists  and  assistant  to  work 
simultaneously  and  uterine  manipulation  would  be  possible. 
The  thighs  must  not  be  flexed  onto  the  abdominal  wall  as 
they  would  be  in  the  full  lithotomy  position  used  for  other 
open  surgical  gynecological  procedures.  The  operating  table 
is  tilted  head  up  or  down  by  approximately  15°  depending  on 
the  main  area  of  examination.  Compression  bandage  may 
be  used  on  leg  during  the  operation  to  prevent 
thromboembolism  especially  if  patient  is  in  lithotomy  position. 

Position  of  the  Surgical  Team 

Before  starting  diagnostic  laparoscopy  a  best  guess  is  made 
about  the  quadrant  in  which  adhesion  is  more  likely  to  be 
found.  The  surgeon  should  stand  opposite  to  this  quadrant 
to  allow  direct  view  into  this  quadrant.  If  the  pathology  is 
more  likely  in  pelvic  cavity  the  surgeon  stands  on  left  side  of 
the  patient.  The  first  assistant,  whose  main  task  is  to  position 
the  video  camera,  is  also  on  the  patient’s  left  side.  The 
instrument  trolley  is  placed  on  the  patient’s  left,  allowing  the 
scrub  nurse  to  assist  with  placing  the  appropriate  instruments 
in  the  operating  ports.  Television  monitors  are  positioned  on 
either  side  of  the  top  end  of  the  operating  table  at  a  suitable 
height  for  surgeon,  anesthetists,  as  well  as  assistant  to  see  the 
procedure. 

Port  Position 

For  adhesiolysis  of  gynecological  purposes,  generally  one  optical 
port  in  umbilicus  and  two  5  mm  port  in  left  and  right  iliac 
fossa  should  be  introduced  according  to  baseball  diamond 
concept  after  visualizing  the  target  of  dissection.  Port  should 
be  in  a  position  to  provide  elevation  angle  of  30°  and 
manipulation  angle  of  60°,  which  is  ergonomically  better.  Some 
gynecologist  use  suprapubic  port,  with  suprapubic  port,  elevation 
angle  of  instrument  and  tubal  structure  is  90°  and  hence  lifting 
up  of  ovary  and  tube  may  be  difficult  without  grasping  it. 
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A  three-port  approach  should  be  used  if  there  is  any 
difficulty  in  manipulation  with  two  ports  especially  in  case  of 
extensive  adhesion  (Fig.  27.1). 

•  10  mm  umbilical  (optical) 

•  5  mm  suprapubic 

•  5  mm  right  hypochondrium. 

A  30°  telescope  is  employed  in  most  instances,  as  this 
facilitates  easier  inspection  of  the  deeper  peritoneal  cavity 
and  abdominal  organs.  The  secondary  ports  are  inserted  under 
laparoscopic  vision.  The  selected  site  on  the  abdominal  wall 
is  identified  by  finger  indentation  of  the  parietal  peritoneum. 

The  open  technique  for  trocar  insertion  is  recommended 
if  extensive  adhesion  is  suspected.  At  the  time  of  laparoscopic 
adhesiolysis,  surgeon  should  try  to  be  very  gentle  with  the 
tubal  structure  and  bowel  so  that  readhesion  will  not  form 
and  stricture  of  tube  will  not  occur. 

Viewing  of  lateral  pelvic  organs  is  helped  by  the 
manipulation  of  mobile  structure  with  a  second  port 
introduced  through  the  left  iliac  fossa  port. 

LAPAROSCOPIC  ADHESIOLYSIS 

Animal  studies  have  proved  that  laparoscopy  leads  to  less 
adhesion  formation  compared  to  open  surgery.  The  less 
adhesion  formation  after  laparoscopic  surgery  is  because 
retraction  is  not  used  much,  packing  of  the  abdominal  cavity 
is  not  required  that  can  damage  peritoneum.  In  laparoscopic 
surgery,  there  is  less  chance  of  drying  of  tissue  because  inside 
environment  is  cut  off  from  outside.  Also,  the  excellent 
visualization  and  magnification  result  into  less  tissue  injury 
and  adhesion.  In  laparoscopy,  port  wound  and  wound  at  the 
target  of  dissection  is  far  away  from  each  other  so  the  chances 
of  adhesion  are  less  to  the  peritoneum  because,  for  adhesion 
both  the  layer  which  tends  to  adhere  should  be  in  contact.  At 
least  three  ports  should  be  used  to  perform  laparoscopic 
adhesiolysis.  After  access  and  introduction  of  telescope  two 
other  ports  should  be  introduced  according  to  baseball 
diamond  concept  keeping  in  mind,  the  center  of  adhesion  as 
target  of  dissection. 


If  the  adhesion  is  thin  and  avascular,  it  is  easily  lysed  and 
the  chances  of  recurrence  are  not  much.  In  contrast  if  adhesion 
is  thick  and  highly  vascular  it  is  difficult  to  separate.  Theses 
adhesion  requires  use  of  energy  (Ultrasonic  dissector,  Unipolar 
or  Bipolar).  After  achieving  hemostasis  sharp  dissection  with 
scissors  are  necessary  (Fig.  27.2). 

An  atraumatic  grasper  is  introduced  to  hold  the  adhesion 
or  involved  organ.  It  should  be  stretched  gently  and  boundaries 
of  adhesion  are  identified.  The  avascular  area  is  choosen 
with  the  close-up  magnified  view  of  telescope.  The  opposite 
trocar  on  the  side  of  the  surgeon  is  used  for  scissors  and 
adhesion  should  be  cut  close  to  the  affected  organ.  Vascular 
adhesions  should  be  coagulated  using  electrosurgical 
instrument  preferably,  bipolar.  Scissors  should  be  used  only 
if  flimsy  avascular  adhesion  is  found  (Fig.  27.3).  Thick  vascular 


Fig.  27.2:  Sharp  dissection  with  scissors  for  bowel  is  involved 


Fig.  27.3:  Sharp  dissection  with  scissors  if  bowel  is  involved 
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adhesion  first  should  be  tried  with  blunt  dissection,  otherwise 
must  be  coagulated  before  being  cut.  Suction  irrigation 
instrument  is  good  if  blunt  dissection  is  thought. 

Bowel  injury  is  common  during  enterolysis  and  patient 
who  have  a  history  of  previous  laparotomy  should  undergo  a 
bowel  preparation  (Fig.  27.4).  If  injury,  results  enterorrhaphy 
can  be  accomplished  with  one  layer  closure  using  vicryl.  Details 
of  intracorporeal  suturing  can  be  found  in  chapter  of 
laparoscopic  suturing  and  knotting. 

After  adhesiolysis  some  fluid  can  be  left  inside  to  prevent 
recurrence.  Steroids  and  antihistamines  were  tried  but  are 
used  infrequently  because  of  adverse  effect  delayed  wound 
healing  and  high-risk  of  dehiscence. 

High  molecular  weight  dextran  was  tried  to  prevent  re¬ 
adhesion  because  it  is  absorbed  over  a  period  of  7  to  10 
days.  Its  osmotic  effect  draws  the  fluid  into  the  peritoneal 
cavity  and  so  the  mobile  peritoneal  organ  floats  reducing 
adherence  between  intraperitoneal  organs.  Although  study  in 
animals  has  demonstrated  reduced  postoperative  adhesion, 
it  is  not  fully  confirmed  for  its  efficacy. 

Adhesion  barrier  membrane  was  also  tried.  These 
absorbable  membrane  separate  peritoneal  membrane  from 
adhered  organ  and  thus  prevent  fibrous  bands  from  binding 
different  structure.  Two  such  materials  are  Interceed  and  Gore- 
Tex.  Interceed  is  an  absorbable  fabric  of  oxidized  regenerated 
cellulose,  and  Gore-Tex  is  nonabsorbable,  nonreactive  surgical 
membrane.  Animal  studies  have  demonstrated  good  results 
using  these  membranes. 
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Laparoscopic  Sterilization 


Laparoscopic  sterilization  was  the  first  popular  minimal 
access  surgical  procedure  ever  performed.  Laparoscopic 
sterilization  is  straightforward  procedure.  Worldwide 
laparoscopic  sterilization  is  now  the  most  commonly  method 
used  for  family  planning  (Fig.  28.1). 

Laparoscopic  sterilization  has  evolved  by  Palmer  and 
Steptoe  in  USA  by  monopolar  technique.  Rioux  and 
Kleppinger  developed  bipolar  technique  for  sterilization 
because  of  more  cases  of  bowel  injury  were  reported  with 
the  use  of  monopolar.  Later  silastic  band  and  spring  clips 
were  invented  for  occlusive  method  of  sterilization. 

LAPAROSCOPIC  ANATOMY 

From  anterior  to  posterior,  following  important  tubular 
structures  are  found  crossing  the  brim  of  true  pelvis:  The 


round  ligament  of  the  uterus,  the  infundibulopelvic  ligament, 
which  contains  the  gonadal  vessels  and  the  ureter.  The 
ovaries  and  fallopian  tube  is  found  between  the  round 
ligament  and  the  infundibulopelvic  ligament. 

The  main  problem  in  laparoscopic  sterilization  surgery 
is  mistaking  the  round  ligament  for  fallopian  tube.  This 
mistake  was  more  common  when  single  puncture 
sterilization  was  used  with  laparocator.  In  laprocator  the 
image  of  the  target  organ  and  instrument  were  in  the  same 
axis  and  this  was  the  cause  of  more  incidence  of  failure. 
The  next  most  common  mistake  is  injury  of  the  ureter  during 
dissection  of  the  infundibulopelvic  ligament.  If  the  uterus  is 
deviated  to  the  contralateral  side  with  the  help  of  uterine 
manipulator  infundibulopelvic  ligament  is  spread  out  and  a 
pelvic  side  wall  triangle  is  created.  The  base  of  this  triangle 
is  the  round  ligament,  the  medial  side  is  the  infundibulopelvic 


Change  in  oral  contraceptive  use  by  age 
in  married  women 


Prevalence  of  tubal  sterilization  by  age 
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Fig.  28.1 :  Trend  of  family  planning 
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ligament,  and  the  lateral  side  is  the  external  iliac  artery.  The 
apex  of  this  triangle  is  the  point  at  which  the 
infundibulopelvic  ligament  crosses  the  external  iliac  artery. 

CONTRAINDICATIONS 

•  Hemodynamic  instability 

•  Uncorrected  coagulopathy 

•  Severe  cardiopulmonary  disease 

•  Abdominal  wall  infection 

•  Multiple  previous  upper  abdominal  procedures 

•  Late  pregnancy. 

Patient  Position 

Patient  should  be  in  steep  Trendelenburg’s  and  lithotomy 
position.  One  assistant  should  remain  between  the  legs  of 
patient  to  do  uterine  manipulation  whenever  required. 


Port  Position 


Fig.  28.3:  Methods  of  sterilization 


Generally  laparoscopic  sterilization  is  possible  with  two  ports 
only.  Many  gynecologists  like  to  perform  tube  ligation  with 
one  port  in  umbilicus  and  other  in  suprapubic  region.  In 
our  practice  we  like  to  put  port  in  left  iliac  fossa.  The  left 
iliac  fossa  port  will  allow  elevation  angle  of  instrument  at 
30°  and  this  angle  is  better  for  manipulation  of  fallopian 
tube  and  good  ergonomics  (Fig.  28.2). 

Operative  Procedure 

Methods  of  Tubal  Sterilization  (Fig.  28.3) 

•  Destructive 

-  Unipolar 

-  Bipolar 

-  Coagulation  using  thermal  cautery 

-  Ligation  and  cutting  by  scissors  (Pomeroy  technique) . 

•  Occlusive  (Figs  28.4  and  28.5) 

-  Filshie  clip 

-  Falope  ring 

-  Hulka  clip. 


Fig.  28.4:  Falope  ring  and  Filshie  clip 


Fig.  28.2:  Port  position  for  tubal  sterilization 


Fig.  28.5:  Various  occlusive  devices  for  sterilization 
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Laparoscopic  sterilization  by  occlusive  method  is  most 
popular  method  of  interval  sterilization  in  USA.  Use  of 
laparoscopic  sterilization  in  immediate  postpartum  period 
is  not  wise  and  usually  planned  4  to  6  weeks  after  delivery. 
At  the  time  of  postpartum  laparoscopic  tubal  sterilization 
there  are  chances  of  some  complications  if  performed 
laparoscopically.  At  the  time  of  immediate  postpartum,  the 
uterus  is  approximately  20  weeks  in  size  and  fills  the  entire 
pelvis,  rendering  insertion  of  the  Veress  needle  and 
laparoscopic  trocar  difficult.  Making  the  subumbilical  mini¬ 
laparotomy  incision  is  fast  and  easy;  often  it  can  be 
performed  under  regional  anesthesia.  There  is  no  advantage 
to  performing  postpartum  tubal  sterilization  laparoscopically. 

Laparoscopic  sterilization  can  be  planned  together  with 
first  trimester  MTP  but  in  second  trimester  again  interval  of 
6  weeks  is  essential.  The  main  risk  of  laparoscopic 
sterilization  just  after  delivery  or  after  second  trimester  MTP 
is  because  uterus  is  large  and  may  be  injured  by  trocar. 

The  occlusion  of  tube  in  the  luteal  phase  may  lead  to 
pregnancy  just  after  sterilization.  This  creates  a  medicolegal 
problem  for  gynecologist.  To  avoid  this  problem,  a  urine 
pregnancy  test  should  be  obtained  on  the  morning  of  surgery 
and  patient  should  be  advised  to  return  for  MTP  if  sign  of 
intrauterine  or  ectopic  pregnancy  develops. 

BIPOLAR  COAGULATION 

Two  port  techniques  are  used  for  sterilization  by 
electrosurgery.  One  in  umbilicus  and  one  in  left  iliac  fossa. 
Gynecologist  stands  left  to  the  patient  and  camera  assistant 
right  to  the  gynecologist.  Uterine  manipulator  is  helpful  to 
bring  both  the  tube  under  vision. 

Fallopian  tube  is  grasped  2  cm  lateral  to  the  uterine  end 
and  bipolar  is  activated.  If  tube  is  coagulated  very  close  to 
uterus,  there  is  chance  of  development  of  uteroperitoneal 
fistula  containing  endometrial  tissue  due  to  continuous 
contractility  of  uterus.  Activation  of  bipolar  should  be 
intermittent  and  after  each  activation  jaw  of  bipolar  should 
be  slightly  opened  to  avoid  sticking  of  jaw  of  bipolar  with 
tube.  The  procedure  should  be  repeated  at  three  adjacent 
areas. 

If  the  jaw  of  bipolar  adhered  with  tube  forceps  should 
be  gently  twisted  clockwise  and  counterclockwise  and  at 
the  same  time  the  pressure  from  the  handle  of  grasper  is 
decreased. 

Some  gynecologist  prefer  coagulation  and  division  of 
tube  between  coagulated  area  but  study  has  shown  that 
coagulation  of  2  to  3  cm  of  tube  without  division  is  better 
because  division  lead  to  significant  incidence  of  bleeding 
from  underlying  vessels.  Bipolar  should  be  applied  always 


at  three  places.  If  only  one  place  bipolar  coagulation  per 
tube  is  performed,  there  is  always  a  risk  of  spontaneous 
re-canalization  in  about  three  months. 

FALOPE  RING  APPLICATION 

Yoon  in  1974,  described  silastic  band  technique  for  occlusive 
tubal  sterilization.  The  Falope  ring  is  applied  with  the  help 
of  Falope  ring  applicator  (Fig.  28.6). 

Operative  Technique 

Sterilization  using  Falope  ring  application  gained  popularity 
in  the  1970s.  Initially  failure  rate  was  high  with  single 
puncture  technique  using  laprocator  (Fig.  28.7). 


Fig.  28.6:  Tubal  sterilization  by  Falope  ring  applicator 


Fig.  28.7:  Laprocator  for  single  puncture  tubal  ligation 
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Fig.  28.8:  Ring  loading 


Fig.  28.9:  Preferred  area  of  sterilization  is  isthmus 


Fig.  28.10:  Loading  of  Falope  ring 


These  days  double  puncture  technique  is  preferred  and 
has  less  failure  rate  compared  to  single  puncture  technique. 
Pneumoperitoneum  is  created  in  usual  manner.  First  of  all 
diagnostic  laparoscopy  should  be  performed  to  exclude  any 
other  abnormality.  The  Filshie  clip  or  Falope  ring  is  loaded 
into  the  receiving  edge  of  the  applicator  (Fig.  28.8).  The 
clip  or  ring  should  be  applied  across  the  narrow  isthemic 
area  about  2  cm  from  the  cornua  (Fig.  28.9).  This  area 
is  very  mobile  and  easy  to  see.  In  case  of  desired 
re -anastomosis,  this  area  is  easy  to  do  anastomosis. 

Once  the  fallopian  tube  is  found  the  atraumatic  grasping 
forceps  is  used  to  pick  up  one  of  the  tubes,  one  to  two  cm 
lateral  to  the  corneal  end  of  uterus.  The  jaw  of  Falope  ring 
applicator  is  pushed  out  and  tube  is  then  drawn  into  the 
inner  cylinder  of  Falope  ring  applicator  (see  Fig.  28.6).  Once 
the  Falope  ring  applicator  is  fully  fired  either  one  or  two 
silicon  rubber  bands  are  applied  to  the  grasped  segment  of 
the  fallopian  tube.  After  application  of  Falope  ring  the 
grasping  forceps  is  moved  forward  out  of  the  inner  cylinder 
to  release  the  occluded  segment  of  tube  (Fig.  28.10).  In  the 
similar  manner  the  contralateral  tube  is  grasped  and  the 
ring  is  applied.  After  both  the  tube  is  occluded  some 
gynecologists  inject  indigocarmine  dye  through  uterus  to 
confirm  tubal  lumen  occlusion.  The  blenching  of  the  tube 


Elegantly  designed  for  safe  and 
effective  surgical  contraception 
of  women 


Fig.  28.11:  Filshie  clip 

after  clip  application  can  also  be  seen  after  successful 
application  of  ring.  Blench  is  due  to  ischemia  and  this  means 
that  the  sterilization  is  perfect. 

If  everything  goes  well,  patient  can  be  discharged  on 
the  same  day.  The  snapshot  pictures  and  video  recording 
of  all  the  procedure  is  good  practice  for  future  references. 

Filshie  and  Hulka  clip  is  also  applied  with  same  manner, 
only  difference  is  that  clips  does  not  form  loop.  Hence,  the 
chances  of  reversal  of  sterilization  are  better  compared  to 
Falope  rings  (Figs  28.11  and  28.12). 
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Fig.  28.12:  Hulka  clip 
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Chapter 


Laparoscopic  Ovarian  Surgery 


Most  ovarian  abnormalities  can  be  managed  laparos- 
copically.  First  laparoscopic  salpingo-oophorectomy  was 
performed  by  Semm  in  1984.  He  reported  his  experience 
with  a  laparoscopic  approach  to  oophorectomy  and 
salpingo-oophorectomy. 

Laparoscopy  may  be  an  alternative  of  hysterectomy  and 
more  conservative  management  of  pain  caused  by  adnexal 
disease  can  be  performed.  If  necessary,  oophorectomy  can 
be  performed  laparoscopically  with  a  short  hospital  stay  and 
recovery  period  at  a  later  date. 

LAPAROSCOPIC  OVARIAN  ANATOMY 

The  ovaries  are  seen  clearly  by  laparoscope  because  of  their 
whiteness  and  knobby  texture  (Fig.  29.1).  It  is  seen  more 
clearly  if  uterine  manipulator  is  used  and  uterus  is  pushed 
towards  anterior  abdominal  wall.  Ovaries  hang  down  in  the 
laparoscopic  field.  A  normal  ovary  is  almond  shaped,  and 
approximately  3  cm  in  diameter  (Fig.  29.2). 


Fig.  29.1 :  Laparoscopic  oophorectomy  using  bipolar 


The  ovarian  ligaments  run  from  the  ovaries  to  the  lateral 
border  of  the  uterus.  Ovary  is  attached  to  the  pelvic  side  wall 
with  infundibulopelvic  ligament,  which  carries  ovarian  artery 
(Fig.  29.3).  One  of  the  common  mistakes  is  injury  of  the  ureter 
during  dissection  of  the  infundibulopelvic  ligament.  If  the 
uterus  is  deviated  to  the  contralateral  side  with  the  help  of 
uterine  manipulator  infundibulopelvic  ligament  is  spread  out 
and  a  pelvic  side  wall  triangle  is  created.  The  base  of  this 
triangle  is  the  round  ligament,  the  medial  side  is  the 
infundibulopelvic  ligament,  and  the  lateral  side  is  the  external 
iliac  artery.  The  apex  of  this  triangle  is  the  point  at  which  the 
infundibulopelvic  ligament  crosses  the  external  iliac  artery. 

The  ovarian  arteries  arise  from  the  aorta  to  descend 
lateral  to  the  ureter  and  genitofemoral  nerve.  The  artery 
and  accompanying  vein  cross  over  the  external  and  internal 
iliac  vessels  to  enter  the  pelvis.  The  left  ovarian  vein  joins 


Fig.  29.2:  Anatomy  of  ovary 
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Fig.  29.3:  Position  of  ovary:  (1)  Uterus;  (2)  Round  ligament; 
(3)  Utero-ovarian  ligament  (proper  ovarian  ligament);  (4)  Uterosacral 
ligament;  (5)  Ovary;  (6)  Suspensory  ligament  of  the  ovary;  (7)  Ureter 

the  left  renal  vein  and  right  ovarian  vein  joins  the  inferior 
vena  cava. 


Because  the  risk  of  malignancy  is  relatively  low  in  young 
women,  preoperative  evaluation  should  include  a  history 
and  physical  examination.  Pelvic  ultrasound  should  be 
performed  to  evaluate  both  ovaries  to  rule  out  bilateral 
endometriomas  or  teratoma. 

Hormone  levels  (such  as  LH,  FSH,  estradiol,  and 
testosterone)  may  be  checked  to  evaluate  for  associated 
hormonal  conditions.  The  persistent  ovarian  cysts  must  be 
treated  surgically,  and  evolving  laparoscopic  technology  has 
enabled  endoscopic  management  of  most  of  them.  Although 
most  are  benign,  the  possibility  of  malignancy  usually 
requires  a  laparotomy  using  a  midline  incision. 

Oral  contraceptives  have  been  prescribed  for  some  small 
cystic  adnexal  masses  in  reproductive-aged  women  on  the 
assumption  that  decreasing  gonadotropin  stimulation  to  a 
functional  cyst  will  hasten  its  resolution.  Either  danazol  (800 
mg/d)  or  oral  contraceptive  pills  with  50  pg  estrogen  are 
advised  for  any  cyst  suspected  of  being  functional. 

Crossing  the  true  brim  of  pelvis  the  following  important 
tubular  structures  are  found.  The  round  ligament  of  the 
uterus,  the  infundibulopelvic  ligament,  which  contains  the 
gonadal  vessels  and  the  ureter.  The  ovaries  and  fallopian 
tube  is  found  between  the  round  ligament  and  the 
infundibulopelvic  ligament. 


LAPAROSCOPIC  MANAGEMENT  OF  OVARIAN  CYST 

Ovarian  cysts  are  sacs  filled  with  fluid  or  a  semisolid  material 
that  develops  on  or  within  the  ovary.  Surgery  is  indicated  if 
the  growth  is  larger  than  4  inch  (10  cm),  complex,  growing, 
persistent,  solid  and  irregularly  shaped,  on  both  ovaries,  or 
causes  pain  or  other  symptoms. 

Laparoscopic  management  of  ovarian  cyst  depends  on 
the  patient’s  age,  pelvic  examination,  sonographic  images, 
and  serum  markers.  A  large,  solid,  fixed,  or  irregular  adnexal 
mass  accompanied  by  ascites  is  suspicious  for  malignancy. 
Cul-de-sac  nodularity,  ascites,  cystic  adnexal  structures,  and 
fixed  adnexae  occur  with  endometriosis  and  ovarian 
malignancy.  Before  selecting  any  case  for  laparoscopy,  Ca- 
125,  an  ovarian  cancer  marker,  should  be  estimated,  that 
may  help  to  identify  cancerous  cysts  in  older  women.  Although 
ovarian  neoplasms  can  occur  at  any  age,  the  risk  of 
malignancy  is  highest  during  prepuberty  and  menopause. 
Malignancy  is  not  the  only  concern  in  managing  an  ovarian 
cyst.  Patients  who  wish  to  preserve  their  reproductive  organ 
should  have  the  least  aggressive  therapy.  In  a  postmenopausal 
patient  whose  family  has  a  history  of  ovarian  cancer,  Ca-125 
levels  may  help  to  detect  it  in  the  early  stages.  However, 
surgeon  should  keep  in  mind  that  many  benign  gynecologic 
disorders  are  also  associated  with  elevated  Ca-125  levels, 
including  fibroid  uterus,  endometriosis,  and  salpingitis  that 
could  lead  to  unnecessary  concern  and  intervention. 


Patient  Position 

Patient  should  be  in  steep  Trendelenburg’s  and  lithotomy 
position.  One  assistant  should  remain  between  the  legs  of 
patient  to  do  uterine  manipulation  whenever  required. 

Port  Position 

Port  position  should  be  in  accordance  with  baseball  diamond 
concept.  If  the  cyst  is  of  right  side,  one  port  should  be  in  left 
iliac  fossa  and  another  in  right  hypochondrium  (Fig.  29.4). 

Operative  Procedure 

After  access,  the  pelvis  and  upper  abdomen  have  been 
examined,  the  cyst  contents  should  be  aspirated.  Once  the 
capsule  is  opened,  the  interior  of  the  capsule  is  examined 
and  suspicious  areas  should  be  sent  for  biopsy.  The  entire 
cyst  capsule  must  be  removed  to  search  for  an  early 
carcinoma.  Whether  to  perform  oophorectomy  or  cystectomy 
depends  on  the  patient’s  age  and  characteristics  of  the  mass. 

Ovarian  Cystectomy 

Medical  management  of  endometriomas  has  proven  ineffective, 
either  laparotomy  or  operative  laparoscopy  is  necessary. 
Laparoscopic  ovarian  cystectomy  removes  the  cyst  with 
minimal  trauma  to  the  residual  ovarian  tissue.  Laparotomy  for 
ovarian  cystectomy  is  not  a  good  procedure  because  of 


Chapter  29:  Laparoscopic  Ovarian  Surgery 


361 


increased  risk  of  ovarian  adhesion  formation.  Three  methods 
to  manage  such  cysts  are  drainage,  excision  and  thermal 
coagulation.  By  excising  the  unruptured  cyst,  histopathologic 
examination  is  more  complete  and  the  risk  of  recurrence  is 
minimized,  but  laparoscopic  removal  of  intact  cyst  is  very 
difficult  and  aspiration  is  recommended  for  functional  cysts, 
which  are  diagnosed  laparoscopically.  Many  cysts  are  ruptured 
during  their  manipulation  despite  a  delicate  technique. 

Thermal  ablation  does  not  destroy  the  entire  cyst  wall, 
and  the  underlying  ovarian  cortex  can  be  damaged  by  the 
heat.  Therefore,  excision  of  entire  cyst  wall  with  the  help  of 
blunt  stripping  and  sharp  dissection  by  scissors  are 
recommended. 

The  removal  of  a  cyst  10  cm  or  larger  is  difficult 
laparoscopically.  Aspiration  before  removal  of  large  cysts  is 
practical  and  can  be  accomplished  using  an  18  gauge  needle 
passed  through  the  separate  puncture  of  abdominal  wall  while 
stabilizing  the  cyst.  The  suction  irrigation  instrument  can  also 
be  used  to  aspirate  the  content  of  the  cyst  (Fig.  29.5). 

If  gross  characteristics  of  ovary  look  suspicious  for 
malignancy.  Some  gynecologists  recommend  peritoneal 
washing  before  puncturing  an  ovarian  cyst,  because  any 


cyst  may  be  malignant.  The  peritoneal  fluid  or  washings 
should  be  sent  for  cytological  examination. 

After  aspiration  capsule  of  cyst  is  stripped  from  the 
ovarian  stroma  using  two  grasping  forceps  and  the  suction- 
irrigator  probe  for  traction  and  counter  traction  (Fig.  29.6). 
The  electrosurgery  can  be  used  at  low  power  to  seal  blood 
vessels  at  the  base  of  the  capsule  and  at  higher  powers  to 
vaporize  small  remnants  of  capsule.  Bipolar  forceps  also 
can  be  used  to  control  bleeding.  The  open  jaw  of  bipolar 
can  touch  the  oozing  area  and  hemostasis  can  be  achieved. 

Sometimes  it  is  difficult  to  remove  the  capsule  from  the 
ovarian  cortex  so  that  injecting  dilute  vasopressin  between 
the  capsule  and  cortex  facilitates  the  stripping  procedure 
(Fig.  29.7).  If  the  cyst  wall  cannot  be  identified  clearly,  the 
edge  of  the  ovarian  incision  can  be  “freshened”  with  scissors 
and  the  resulting  clean  edge  reveals  the  two  layer,  outer  layer 


Fig.  29.4:  Port  position  for  right  sided  ovarian  surgery 


Fig.  29.6:  Cystic  wall  is  stripped  out  from  ovarian  cortex 
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will  be  ovarian  and  inner  cystic.  If  this  does  not  free  the  capsule, 
the  base  of  the  cyst  is  grasped,  and  traction  applied  to  the 
cyst  with  counter  traction  to  the  ovary.  Sometime  the  complete 
cyst  or  portions  of  the  wall  may  be  densely  adherent  to  the 
ovary,  requiring  sharp  or  electrosurgical  dissection  to 
completely  free  the  cyst  wall.  Generally,  when  the  cyst  capsule 
is  removed  from  the  ovary,  the  contraction  of  the  ovarian 
capsule  provides  significant  hemostasis.  Bleeding  can  occur 
at  the  base,  particularly  if  the  cyst  was  close  to  the  hilum. 
Under  these  circumstances,  a  needle  electrode  or  a  fine  bipolar 
forceps  can  be  used  to  minimize  thermal  damage.  Large  cysts 
sometime  need  partial  oophorectomy,  to  remove  the  distorted 
portion  of  the  ovary,  and  the  remaining  cyst  wall  can  be 
stripped  from  the  ovarian  stroma. 

Teratoma  often  can  be  excised  intact  but  often  the  cyst 
rupture.  After  extraction,  if  the  ovarian  edges  overlap  it  self, 
the  defect  is  left  to  heal  without  suturing  because  adhesions 
are  more  likely,  following  the  use  of  suture.  In  rare  instances 
one  or  two  fine,  absorbable  monofilament  sutures  may  be 
needed  to  approximate  the  ovarian  edges.  The  sutures  are 
placed  inside  the  ovary  to  decrease  formation  of  adhesions. 

Endometriomas 

Ovarian  endometriosis  causes  the  adhesions  between  the 
ovarian  surface  and  the  broad  ligament.  As  the  ovary  enlarges, 
endometriomas  form.  Sometime  surface  endometrial  implants 
penetrate  more  deeply  into  the  cyst  wall,  making  excision 
more  difficult.  The  degree  of  endometrial  invasion  of  the  cyst 
wall  forms  the  basis  for  differentiating  between  these  two 
subtypes  and  is  characterized  by  the  progressive  difficulty  in 
removing  the  cyst  wall. 

The  least  invasive  and  the  technically  simplest  approach 
to  endometriomas  involve  laparoscopic  fenestration  and 
removal  of  “chocolate”  fluid  without  cystectomy  or  ablation 
of  the  cyst  wall.  However,  fenestration  and  irrigation  are 
associated  with  a  50  percent  recurrence  rate  compared  to  8 
percent  in  the  group  with  the  capsule  removed. 
Postoperatively,  either  danazol  800  mg/d  or  a  GnRH  analog 
is  used  for  6  to  8  weeks.  Large  hematomas  are  associated 
with  periovarian  adhesions  attaching  them  to  the  pelvic 
sidewall  and  the  back  of  the  uterus,  and  tend  to  rupture 
during  separation.  After  mobilizing  the  ovary,  the  contents 
of  the  cyst  are  removed  with  the  suction-irrigator  probe  and 
the  cavity  is  irrigated.  The  inside  of  the  cyst  is  evaluated 
and  the  portion  of  ovarian  cortex  involved  with 
endometriosis  is  removed.  Using  the  grasping  forceps  and 
the  suction-irrigator  probe,  the  cyst  wall  is  grasped  and 
separated  from  the  ovarian  stroma  by  traction  and  counter 
traction.  Small  blood  vessels  from  the  ovarian  bed  and 
bleeding  from  the  ovarian  hilum  can  be  controlled  with 
bipolar  electrocoagulation.  The  remaining  ovarian  tissue  is 


approximated  with  low-power  laser  or  electrosurgery  to 
avoid  adhesions.  Low-power,  continuous  laser  or  bipolar 
coagulation  applied  to  the  inside  wall  of  the  redundant 
ovarian  capsule  causes  it  to  invert,  but  excessive  coagulation 
of  the  adjacent  ovarian  stroma  must  be  avoided.  Sutures,  if 
needed,  are  placed  inside  the  capsule  and  4-0 
polydioxanone  sutures  used.  Fewer  sutures  result  in  fewer 
adhesions. 

The  ability  to  diagnose  and  treat  endometriosis  at  earlier 
stages  may  prevent  its  progression  and  invasion,  reducing 
its  adverse  impact  on  health,  quality  of  life,  and  fertility 
potential. 

Benign  Cystic  Teratoma 

These  germ  cell  tumors  occur  predominantly  in  young 
women.  A  cystic  teratoma  contains  sebaceous  material  that 
is  irritating  to  peritoneal  surfaces  and  can  cause  chemical 
peritonitis  and  possible  adhesions.  The  surgeon  should  avoid 
rupturing  the  cyst.  If  the  cyst  is  ruptured  during  excision,  it 
is  important  to  clean  the  body  cavity  of  all  sebaceous  material 
and  hair.  If  it  ruptures  at  the  time  of  excision,  without 
spending  much  time,  the  suction-irrigator  is  placed  in  the 
cyst,  the  contents  aspirated,  and  the  cavity  copiously 
irrigated.  The  interior  of  the  cyst  is  inspected  and  its  lining  is 
grasped  and  removed  from  the  ovary.  The  lining  is  removed 
from  the  pelvis  through  a  10  mm  port.  In  case  of  intact  cyst 
an  Endobag  may  be  necessary  (Fig.  29.8).  A  colpotomy 
can  be  made  through  which  the  cyst  is  incised  and  drained 
and  its  capsule  removed.  These  same  procedures  can  be 
performed  through  a  mini-laparotomy  incision.  The  cyst  wall 
is  punctured  and  the  contents  rapidly  aspirated.  The  wall  is 
removed,  placed  in  an  Endobag,  and  removed  through  the 
cul-de-sac  or  through  one  of  the  port  wound.  Following 


Fig.  29.8:  Extraction  of  ovary 
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removal,  it  is  critical  to  irrigate  the  pelvis  copiously  with  5  to 
10  L  of  warm  Ringer’s  lactate.  The  sebaceous  material  is 
less  dense  than  water  and  will  float,  facilitating  removal. 
Occasionally,  when  the  cyst  is  mainly  solid,  it  can  be 
removed  intact  without  rupturing.  The  cyst  wall  should  be 
sent  for  histopathological  examination.  The  pelvis  is  irrigated 
with  lactated  Ringer's  solution  until  all  evidence  of  sebaceous 
material  is  removed  because  incomplete  removal  of  this 
material  can  cause  peritonitis.  During  irrigation,  the  ovarian 
stroma  is  inspected  to  verify  hemostasis.  If  bleeding  is 
present,  bleeder  points  are  controlled  with  a  monopolar 
fulguration  or  bipolar  forceps. 

If  the  teratomas  are  greater  than  8  cm,  the  ovary  can  be 
placed  in  the  cul-de-sac  adjacent  to  a  colpotomy  incision. 
Cyst  is  removed  transvaginally  which  minimizes  the  risk  of 
contamination  of  upper  abdomen  and  port  wound  and 
maintains  a  minimally  invasive  approach.  The  vagina  should 
be  cleaned  thoroughly  and  prepared  with  betadine  before 
colpotomy.  In  elderly  women  or  for  those  patients  in  whom 
the  ovary  and  tube  cannot  be  conserved,  salpingo- 
oophorectomy  should  be  considered.  When  the  cyst  wall  is 
benign  and  the  tissue  is  fragmented,  it  can  be  removed 
through  a  10  mm  suprapubic  port.  No  tissue  should  be  left 
in  the  pelvic  cavity  or  on  the  abdominal  wall.  Contamination 
of  the  anterior  abdominal  wall  should  be  avoided  and  if  this 
happens,  all  tissue  must  be  removed  and  the  incision 
copiously  irrigated  and  washed.  Abdominal  wall  metastasis 
has  been  reported  following  contamination  of  the  wall  during 
laparoscopy  for  ovarian  cancer. 

LAPAROSCOPIC  OOPHORECTOMY 

Indications  of  Oophorectomy 

The  most  common  indications  for  oophorectomy  are: 

•  Persistent  localized  pain  despite  previous  lysis  of 
adhesions  or  ablation  of  endometriosis 

•  Residual  ovary  syndrome 

•  Dysgenetic  gonads 

•  Ovarian  cysts  greater  than  5  cm 

•  Tubo-ovarian  abscess 

•  Prophylactic  therapy  for  advanced  breast  cancer 

•  Early  ovarian  cancer  in  young  women. 

CONTRAINDICATIONS 

•  Hemodynamic  instability 

•  Uncorrected  coagulopathy 

•  Severe  cardiopulmonary  disease 

•  Abdominal  wall  infection 

•  Multiple  previous  upper  abdominal  procedures 

•  Late  pregnancy. 


Operative  Procedure 

The  port  position  is  shown  in  (Fig.  29.9).  Properly  placed 
uterine  manipulator  is  important  to  get  a  good  exposure  of 
ovary  and  tube.  It  is  sometime  difficult  to  immobilize  the 
ovary  because  of  its  smooth  surface  and  finer  texture.  In 
case  of  difficulty  in  immobilizing  the  ovary,  the  uterine- 
ovarian  ligament  can  be  grasped  by  one  of  the  atraumatic 
grasper  to  lift  and  isolate  the  ovary  or  the  ovary  can  be 
wedged  against  the  pelvic  sidewall  using  the  flattened  edges 
of  the  opened  or  closed  forceps.  It  is  important  to  remember 
that  overly  aggressive  manipulation  can  cause  lacerations 
in  the  capsule,  follicles,  or  cysts  and  result  in  bleeding.  Before 
starting  the  procedure,  it  is  important  to  observe  the  course 
of  the  ureter  as  it  crosses  the  external  iliac  artery  near  the 
bifurcation  of  the  common  iliac  artery  at  the  pelvic  brim. 
The  left  ureter  can  be  more  difficult  to  find  because  it  is 
often  covered  by  the  base  of  the  sigmoid  mesocolon.  If  the 
ureter  is  difficult  to  identify  transperitoneally  it  must  be 
identified  by  retroperitoneal  approach.  If  previous 
hysterectomy  is  done  it  is  better  to  insert  a  vaginal  probe  or 
sponge  stick  through  the  vagina  so  that  the  surgeon  can 
maintain  orientation,  particularly  with  procedures  involving 
extensive  adhesions.  Many  time  anatomic  landmarks  are 
distorted  by  adhesions,  endometriosis,  or  prior  surgical 
extirpation.  In  those  cases  dissection  should  be  started  from 
the  most  normal  area  and  then  it  should  proceed  toward 
the  more  distorted  parts  of  the  operative  field.  Attention 
should  be  given  that  complete  ovary  must  be  removed  to 
prevent  ovarian  remnant  syndrome  or  tumor  development 
in  a  dysgenetic  gonad.  At  the  end  of  the  procedure,  the 
operative  field  is  inspected  and  any  clots  are  removed  with 
a  suction-irrigator  or  grasping  forceps.  Pedicles  are  inspected 
under  water  and  with  decreased  pneumoperitoneum  and 
any  bleeding  if  present  can  be  controlled  with  bipolar 
electrocoagulation . 

Dissection  of  the  Infundibulopelvic  Ligament 

Three  techniques  have  been  described  for  managing  the 
infundibulopelvic  ligament: 


Right  instrument  port 
Port  for  laparoscope 

Left  instrument  port 


Fig.  29.9:  Port  position  for  laparoscopic  left  oophorectomy 


364 


Section  3:  Laparoscopic  Gynecological  Procedures 


•  Bipolar  electrodesiccation 

•  Suture  ligation  with  pretied  loop 

•  Stapling. 

Patient  cost  for  the  linear  stapler  is  approximately 
Rs  4500  and  Rs  250  for  each  pretied  ligature.  Considering 
these  expenses  bipolar  electrosurgery  is  most  economical 
way  of  dissection  and  it  is  preferable  for  hemostasis  of  the 
infundibulopelvic  ligament. 

Endoloop  cannot  be  applied  in  the  presence  of  adhesions 
and  distorted  anatomy.  Sometime  it  is  difficult  to  place 
endoloop  sutures  on  large  bunch  of  pedicles  such  as  the 
mesovarium  and  infundibulopelvic  ligament.  If 
extracorporeal  slip  knot  is  applied  over  wide  pedicle,  the 
slipknot  can  loosen  under  the  tension  of  the  large  pedicle.  It 
may  increase  the  risk  of  intraoperative  hemorrhage.  If  the 
stump  is  large  a  piece  of  the  ovary  may  be  left  in  the  pedicle, 
predisposing  the  patient  to  ovarian  remnant  syndrome. 

Aside  from  cost,  the  linear  stapling  device  has  several 
other  drawbacks.  It  should  be  introduced  though  a  12  mm 
trocar.  Insertion  of  bigger  trocar  can  lead  to  injury  of  the 
inferior  epigastric  artery  and  predispose  the  patient  to  a 
postoperative  hernia.  The  linear  stapler  instrument  is  bulky 
and  the  operator  must  be  careful  to  its  proximity  to  the  ureter, 
bowel,  and  bladder.  If  correct  size  staple  is  not  selected  the 
staples  may  dislodge  and  bleeding  may  start. 

Salpingo-oophorectomy 

If  complete  salpingo-oophorectomy  is  planned,  the  ovary 
and  tube  can  be  approached  either  from  the 
infundibulopelvic  or  utero-ovarian  ligament.  Filmy  adhesion 
limiting  the  mobilization  of  ovary  should  be  dissected  first. 
If  ovarian  cyst  is  found  it  should  be  aspirated  and  deflated, 
making  removal  of  the  ovary  easier.  The  preferred  approach 
is  dissection  should  begin  with  the  infundibulo  ligament 
because  it  is  easier  and  this  approach  is  essential  if  prior 
hysterectomy  is  performed.  The  lateral  approach  is  essential 
if  the  hemostasis  from  ovarian  vessel  is  thought.  The  ovary 
is  held  with  a  grasping  forceps  and  infundibulopelvic 
ligament  is  put  under  traction  by  pulling  it  up  and  medially 
(Fig.  29.10). 

The  infundibulopelvic  ligament  is  desiccated  with  bipolar 
forceps  and  cut  with  scissors  from  lateral  to  medial. 

It  is  important  to  use  appropriate  traction  away  from 
lateral  pelvic  wall  to  prevent  excessive  coagulation  and 
damage  to  the  lateral  pelvic  structures  like  ureter  or  vessels 
in  triangle  of  doom. 

Laparoscopic  linear  stapling  and  cutting  device  can  also 
be  used  for  salpingo-oophorectomy  in  selected  cases. 
Laparoscopic  extracorporeal  Roeader’s  or  Meltzer's  knot  can 
also  be  applied.  Pretied  loop  are  easy  to  use  but  pedicle 
should  not  be  wide.  In  cases  of  wide  pedicel  window  can  be 


Fig.  29.10:  Dissection  at  the  level  of  infundibulopelvic  ligament 


created  in  mid  point  of  infundibulopelvic  ligament  and  extra¬ 
corporeal  knot  for  continuous  structure  should  be  applied. 

Dysgenic  Gonads 

Sometime  dysgenic  gonads  can  be  found  at  the  time  of 
laparoscopy  and  require  gonadotomy  to  prevent 
gonadoblastoma.  The  laparoscopic  removal  technique  of 
dysgenic  gonad  is  same  as  removing  an  ovary  with  adhesion 
to  lateral  pelvic  wall.  In  these  difficult  cases  hydrodissection 
is  of  utmost  importance. 

Ovarian  Wedge  Resection  and  Ovarian  Drilling 

Drilling  of  polycystic  ovary  is  a  common  procedure 
performed  laparoscopically.  Polycystic  disease  of  ovary  has 
various  manifestations  but  its  hallmark  is  chronic 
anovulation.  Ovarian  wedge  resection  is  advocated  for  these 
enlarged  ovaries.  However,  there  is  chance  of  returning  to 
previous  inoculators  state  is  quite  high  after  several  month. 
There  is  also  increased  risk  of  adhesion  formation  after 
laparoscopic  ovarian  wedge  resection.  Availability  of 
ovulation  inducing  medicines  clomiphene  citrate  around 
1970s  has  offered  a  nonsurgical  management  of  this  disease. 
Initially  wedge  resection  of  polycystic  ovary  was  tried  but 
later  laparoscopic  ovarian  drilling  appears  to  be  associated 
with  comparable  rates  of  ovulation  and  conception. 

Theoretically  wedge  resection  of  ovary  and  ovarian 
drilling  work  by  reducing  androgen  production  by  ovarian 
stroma.  Ideal  patient  of  ovarian  wedge  resection  or  ovarian 
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drilling  are  woman  who  fail  to  ovulate  after  3  to  4  months 
treatment  with  clomiphene  citrate. 

The  laparoscopic  technique  uses  a  5  mm  or  10  mm 
umbilical  port  for  telescope  and  5  mm  port  in  left  iliac  fossa 
or  suprapubic  region.  With  the  help  of  one  atraumatic 
grasper  one  ovary  is  kept  held  by  utero-ovarian  ligament. 
At  laparoscopy,  multiple  symmetrically  placed  holes  are 
made  over  subcapsular  follicular  cystic  stroma.  Polycystic 
drilling  generally  does  not  bleed  like  physiological  follicular 
cyst  following  incision.  Each  ovary  is  treated  symmetrically 
and  cysts  are  vaporized.  The  ovaries  are  irrigated  and 
hemostasis  is  obtained  by  the  help  of  bipolar  forceps.  If 
aspiration  needle  is  used  for  monopolar  drilling  30  to  40 
watt  current  is  used  in  a  cutting  mode.  The  power  is  activated 
just  before  touching  the  ovary  and  it  should  be  penetrated 
at  4  to  8  sites  at  a  depth  of  4  mm. 

Ovarian  Torsion 

Adnexal  torsion  is  a  surgical  emergency  and  if  diagnosed 
early  the  adnexae  can  be  unwound.  It  occurs  most  frequently 
if  there  is  an  adnexal  lesion.  It  occurs  generally  in  young 
women  in  whom  preservation  of  ovary  may  be  necessary. 
If  diagnosis  is  delayed  the  adnexae  may  become  gangrenous 
(Fig.  29.11). 

If  conservative  treatment  is  planned  the  torted  structure 
is  straightened  to  assess  the  viability  and  even  ovary  that 
appears  infarcted  at  laparotomy  regain  normal  color  after 
untwisting.  Causes  of  ovarian  torsion  include  par  ovarian 
cyst,  functional  and  pathologic  ovarian  cyst.  Ovarian 
hyperstimulation,  ectopic  pregnancy,  adhesions,  congenital 
malformation. 

Ischemic  structure  straightened  gently  with  the  atraumatic 
forceps  to  avoid  additional  adnexal  damage.  In  women  with 


ovarian  hyperstimulation,  the  functional  cyst  should  be 
drained  before  untwisting.  The  abnormalities  contributing 
to  torsion  should  be  treated.  It  may  be  necessary  to  shorten 
the  utero-ovarian  ligament,  if  its  length  has  contributed  to 
ovarian  torsion.  A  running  suture  of  monofilament  material 
is  placed  along  the  utero-ovarian  ligament  and  tied  to 
shorten  it,  limiting  ovarian  mobility. 

Ovarian  Remnant  Syndrome 

In  premenopausal  women  who  had  undergone  bilateral 
oophorectomy,  small  piece  of  functional  ovarian  tissue  can 
respond  to  hormonal  stimulation  with  growth,  cystic 
degeneration  or  hemorrhage  and  produce  pain.  Ovarian 
remnant  remains  because  of  dense  adhesion  and  distorted 
anatomic  relationship,  which  invariably  worsen  with 
subsequent  operation.  It  is  not  unusual  for  these  patients  to 
have  had  previous  attempt  to  excise  an  ovarian  remnant. 
Removal  of  the  ovarian  tissue  is  preferred.  Diagnosis  is  based 
on  history  and  localization  of  pelvic  pain.  Although  some 
patients  have  cystic  adnexal  structure  or  ill  defined  fixed 
masses,  others  have  normal  pelvic  findings.  Vaginal 
ultrasound  helps  to  locate  the  ovarian  remnants.  Low  or 
borderline  FSH  levels  in  patients  with  documented  bilateral 
oophorectomy  are  consistent  with  the  presence  of  active 
ovarian  tissue.  Hormonal  suppression,  with  oral 
contraceptives  or  gonadotropin  releasing  hormone  agonist 
provide  no  relieve  in  most  patients.  Clomiphene  citrate  or 
hMG  may  be  used  to  increase  the  ovarian  remnant  size  to 
confirm  the  diagnosis,  preoperatively  or  to  aid  in  locating 
the  tissue  intraoperatively. 

The  anatomy  of  the  retroperitoneal  space  should  be 
identified  when  the  ovarian  remnant  is  adherent  to  the  lateral 
pelvic  wall.  Space  beneath  the  peritoneum  is  injected  with 
Ringer’s  lactate  solution  and  the  peritoneum  is  opened  to  the 
infundibulopelvic  ligament  or  its  remnant.  Adhesions  are  lysed 
until  the  course  of  the  major  pelvic  blood  vessels  and  ureter 
can  be  tressed  and  if  necessary  dissected.  The  ovarian  blood 
supply  is  desiccated  with  bipolar  forceps  and  ovarian  tissue 
is  excised  and  submitted  for  histological  examination. 

Par  Ovarian  Cysts 

These  cysts  are  most  commonly  found  over  the  serosa 
surrounding  the  tubal  fimbriae.  Usually  puncture  with  fine 
electrode  is  sufficient  for  these  patients.  Only  40  to  50  watt 
of  cutting  current  is  required  for  a  fraction  of  second  and 
cyst  will  burst.  Sometime  if  these  par  ovarian  cysts  are  large 
and  intermingled  with  the  serosa  surrounding  the  fimbriae 
and  may  be  attached  with  lateral  pelvic  wall.  In  these  cases, 
opening  of  peritoneum  is  necessary  for  hydrodissection. 
Once  the  cyst  will  leave  the  pelvic  wall;  using  scissors,  laser 
or  electrode  it  can  be  dissected  nicely. 


Fig.  29.1 1 :  Torsion  of  ovary 
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Chapter 


Laparoscopic  Tubal  Surgery 


Tubal  diseases  are  one  of  the  frequent  causes  of  infertility. 
The  most  common  predisposing  factor  is  pelvic  inflammatory 
disease.  Distal  tubal  obstruction  has  been  managed 
previously  by  open  surgery  using  microsurgical  technique. 
The  pregnancy  rate  after  reconstructive  surgery  is  20  to  30 
percent  two  years  postoperatively.  Laparoscopy  for  tubal 
infertility  has  been  a  significant  factor  in  reducing — costs, 
hospitalization,  and  recuperation.  Recently,  in  women  with 
severe  tubal  damage,  in  vitro  fertilization  (IVF)  offers  a  better 
chance  for  term  pregnancy  (72.3%)  compared  to 
reconstructive  surgery  (27.3%).  Fimbrioplasty  and  lysis  of 
peritubal  and  periovarian  adhesions  have  been  associated 
with  good  pregnancy  rates.  In  these  patients,  IVF  is 
appropriate  when  pregnancy  is  not  achieved  postoperatively 
after  a  few  years. 

LAPAROSCOPIC  TURBAL  ANATOMY 

The  fallopian  tubes  arise  from  the  superior  portion  of  the 
uterus  just  above  the  attachment  points  of  the  round 
ligament.  Laparoscopically,  the  round  ligaments  overhang 
the  fallopian  tube  because  of  uterine  manipulation  and  can 
be  easily  mistaken  for  them.  The  fallopian  tubes  towards  its 
lateral  end  encircle  the  ovaries  partially  with  their  fimbriated 
ends  (Fig.  30.1). 

From  anterior  to  posterior,  following  important  tubular 
structures  are  found  crossing  the  brim  of  true  pelvis;  the 
round  ligament  of  the  uterus,  the  infundibulopelvic  ligament, 
which  contains  the  gonadal  vessels  and  the  ureter.  The 
ovaries  and  fallopian  tube  is  found  between  the  round 
ligament  and  the  infundibulopelvic  ligament. 

The  ovarian  ligaments  run  from  the  ovaries  to  the  lateral 
border  of  the  uterus.  Ovary  is  attached  to  the  pelvic  side 
wall  with  infundibulopelvic  ligament,  which  carries  ovarian 
artery.  One  of  the  common  mistakes  is  injury  of  the  ureter 
during  dissection  of  the  infundibulopelvic  ligament.  If  the 


Mesosalpinx 


Fig.  30.1:  Tubal  anatomy 


uterus  is  deviated  to  the  contralateral  side  with  the  help  of 
uterine  manipulator  infundibulopelvic  ligament  is  spread  out 
and  a  pelvic  side  wall  triangle  is  created.  The  base  of  this 
triangle  is  the  round  ligament,  the  medial  side  is  the 
infundibulopelvic  ligament,  and  the  lateral  side  is  the  external 
iliac  artery.  The  apex  of  this  triangle  is  the  point  at  which 
the  infundibulopelvic  ligament  crosses  the  external  iliac 
artery. 

The  ureters  enter  the  pelvis  in  close  proximity  to  the 
female  pelvic  organ  and  are  at  risk  for  injury  during 
laparoscopic  surgery  of  these  organs.  As  the  ureter  course 
medially  over  the  bifurcation  of  the  iliac  vessels,  they  pass 
obliquely  under  the  ovarian  vessels  and  then  run  in  close 
proximity  to  the  uterine  artery. 

Patient  Position 

Patient  should  be  in  steep  Trendelenburg’s  and  lithotomy 
position.  One  assistant  should  remain  between  the  legs  of 
patient  to  do  uterine  manipulation  whenever  required. 
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Port  Position 

Port  position  should  be  in  accordance  with  baseball  diamond 
concept.  If  the  left  side  of  tube  has  to  be  operated,  one  port 
should  be  in  right  iliac  fossa  and  another  below  left 
hypochondrium  (Fig.  30.2). 

OPERATIVE  PROCEDURE 

Management  of  Acute  PID 

Pelvic  inflammatory  disease  (PID)  usually  results  from 
sexually  transmitted  diseases  caused  by  Chlamydia  or 
Gonococcus  infection,  an  intrauterine  device  (IUD), 
postpartum  endometritis,  or  hysteroscopy  at  the  time  of 
endometrial  infection. 

Pelvic  inflammatory  disease  has  four  primary  sequelae: 

1.  Infertility 

2.  Ectopic  pregnancy 

3.  Chronic  pelvic  pain 

4.  Recurrent  upper  UTI. 

One  of  the  worst  outcomes  of  PID  is  adhesions  of 
reproductive  organ  leading  to  infertility  and  pain.  The  degree 
of  tubal  damage  and  pelvic  adhesions  often  depends  on 
the  severity  of  the  infection,  the  number  of  PID  episodes, 
and  etiology.  Severe  peritonitis  is  associated  with  a 
17  percent  risk  of  infertility  compared  to  3  percent  for  mild 
infection.  With  each  successive  episode  of  PID,  the  risk  of 
infertility  doubles.  Despite  its  typically  mild  presentation, 
chlamydial  PID  results  in  a  three-fold  increase  in  infertility 
compared  to  gonococcal  PID.  The  risk  of  ectopic  pregnancy 
is  6  to  10  times  higher  in  women  who  have  had  PID.  In 
addition,  chronic  pelvic  pain  has  been  shown  to  occur  in 
15  to  18  percent  of  patients  after  PID,  usually  because  of 
adhesions.  Up  to  20  to  25  percent  of  patients  will  have  at 
least  one  recurrent  infection  because  damaged  fallopian 
tubes  are  more  susceptible  to  infection. 

Laparoscopy  is  being  used  increasingly  in  patients 
suspected  of  having  PID  to  make  a  precise  diagnosis  and 
thereby  avoid  the  potential  sequelae.  Prompt  surgical 


confirmation  of  the  diagnosis  is  possible  with  laparoscopy. 
A  tubo-ovarian  abscess  (TOA)  can  be  drained,  reducing 
the  risk  of  serious  morbidity  associated  with  rupture.  The 
clinical  diagnosis  of  PID  is  difficult  because  of  the  wide 
variation  in  symptoms  and  signs.  Many  women  with  PID 
report  subtle,  vague,  or  mild  symptoms  that  are  not  specific, 
such  as  dyspareunia,  postcoital  spotting,  or  abnormal  uterine 
bleeding.  In  these  situations,  a  bimanual  examination  may 
demonstrate  cervical  mobility  or  adnexal  tenderness. 

Tubo-ovarian  abscess  is  severe  sequelae  and  occurs  in 
as  many  as  34  percent  of  patients  hospitalized  with  PID. 
Symptomatic  or  subclinical  infections  can  progress  rapidly 
into  a  TOA.  These  abscesses  can  rupture,  resulting  in  severe 
peritonitis. 

At  present,  surgical  intervention  is  used  only  to  treat  a 
tubo-ovarian  mass  when  medical  management  is  ineffective. 
The  laparoscopic  procedure  for  managing  pelvic  abscesses 
has  been  described  by  several  authors.  Once  TOA  is 
diagnosed  laparoscopically,  two  5  mm  trocars  are  placed  in 
both  the  flanks  according  to  baseball  diamond  concept 
through  which  a  suction  -irrigator  probe  and  grasping  forceps 
are  inserted.  The  pelvis,  upper  abdomen,  and  pelvic  gutters 
should  be  examined  for  free  or  loculated  purulent  material 
and  the  course  of  both  ureters  should  be  identified.  Purulent 
fluid  is  aspirated  from  the  pelvis,  and  cultures  are  taken  from 
the  aspirated  fluid  and  the  inflammatory  exudates.  If 
necessary,  the  suction-irrigator  is  used  to  mobilize  the 
omentum,  small  bowel,  rectosigmoid.  Tubo-ovarian 
adhesions  should  be  recognized  until  the  abscess  cavity  is 
localized.  After  the  abscess  cavity  is  drained,  the  suction — 
irrigator  is  used  to  separate  the  bowel  and  omentum 
completely  from  the  reproductive  organs.  Chromotubation 
is  not  indicated  in  case  of  PID  because  edema  in  the 
interstitial  tissue  of  the  tube  occludes  the  lumen. 

At  the  end  of  the  procedure,  whole  peritoneal  cavity  is 
irrigated  with  normal  saline  until  the  effluent  is  clear.  Between 
300  and  400  ml  of  irrigation  fluid  are  left  in  the  pelvis  to 
separate  these  organs  during  the  early  healing  phase. 

Adhesiolysis  is  technically  difficult  and  associated  with  a 
high-risk  of  complications.  Hydrodissection  decreases  the 
potential  for  intestinal  or  ureteral  injury;  the  laser  and 
electrosurgery  should  be  used  sparingly. 

Laparoscopy  for  Adnexal  Torsion 

Adnexal  torsion  is  a  rare  gynecologic  emergency  of  women 
who  are  mostly  at  reproductive  ages.  So  there  is  an 
increasing  trend  towards  conservative  approach  for 
preservation  of  fertility  in  young  women.  Literature  has  all 
come  to  a  point  of  agreement  that  as  minimal  surgery  as 
possible  and  sparing  of  adnexa  for  these  women  of 
reproductive  age  since  torted  adnexa  has  a  benign 
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histopathology  mostly.  Operative  laparoscopic  procedures 
are  being  performed  increasingly  in  gynecology  in  recent 
years.  It  presents  some  main  advantages  over  laparotomy. 
Smaller  surgical  scars  which  have  better  healing  process  than 
a  single  big  scar  reduced  postoperative  pain  and  morbidity; 
and  shorter  hospital  stays,  recovery  periods  with  a  lower 
cost  are  the  major  advantages  of  laparoscopy.  For  a  number 
of  gynecologic  conditions  (ectopic  pregnancy,  benign 
ovarian  cysts,  tuba  peritoneal  infertility,  etc.  The  results  of 
laparoscopic  treatment  are  comparable  with  those  of 
laparotomy.  For  these  reasons  operative  laparoscopy  has 
become  the  surgical  treatment  of  choice  for  the  conditions 
listed  above.  Like  all  surgery,  operative  laparoscopy  does 
bring  with  it  a  risk  of  complications  which  need  to  be 
assessed. 

Since  mostly  the  lesions  are  benign  in  nature  simply 
detorsion  of  the  torted  adnexa  and  if  necessary  the  cyst 
excision  is  the  preferred  procedure.  But  what  is  very 
important  is  the  time  period  between  the  diagnosis  and 
treatment  of  the  pathology.  Since  the  torsion  of  adnexa 
causes  a  relative  ischemia  of  the  ovarian  tissue,  it  may  result 
in  failure  and  loss  of  ovarian  function. 

In  older  studies  it  was  advised  to  remove  the  necrotic 
adnexa  since  they  thought  that  it  would  cause  pulmonary 
emboly.  But  in  recent  literature  it  is  not  advised  to  remove 
the  adnexa  even  if  the  adnexa  looks  necrotic  because  even 
severely  necrotic  looking  adnexa  may  save  its  function  after 
surgery. 

Some  literature  suggest  that  only  simple  detorsion 
procedure  may  cause  retorsion  and  the  rate  of  retortion  is 
higher  patients  with  normal  looking  adnexa  and  is  lower  in 
the  patients  who  have  pathologic  adnexa  and  some  other 
procedure  also  applied  with  detorsion.  Ovariopexy  may 
be  applied  additionally  if  especially  there  is  a  long  ovarian 
pedicle,  more  studies  are  needed  to  evaluate  its  value. 

In  the  literature  it  is  shown  in  retrospective  studies  that 
in  the  patient  selection  for  laparoscopic  surgery,  size  of  the 
adnexal  cystic  pathology  are  important  criteria  that  are  the 
mean  size  of  the  cyst  is  smaller  in  laparoscopic  surgeries 
compared  to  laparotomy. 

Risk  factors  for  conversion  to  laparotomy  are  studied  in 
some  articles  and  it  is  found  that  the  most  important  risk 
factor  for  conversion  to  laparotomy  is  previous  pelvic  surgery 
and  especially  hysterectomy.  In  cases  where  laparoscopic 
access  can  not  be  performed,  mini-laparotomy  is  an 
alternative  method  and  the  results  are  comparable  to 
laparoscopic  surgery. 

Adnexal  torsion  in  pregnant  patients  may  occur  due  to 
drugs  used  for  ovarian  hyperstimulation  at  infertility  therapy 
that  increases  the  size  of  ovary  or  due  to  persistence  of  corpus 
luteum  or  other  pathologic  procedures  of  the  adnexa. 
Laparoscopic  detorsion  and  cyst  excision  procedures  were 


safely  applied  in  pregnant  patients  even  in  third-trimester  of 
pregnancy.  The  maternal  and  fetal  outcomes  after  procedure 
were  satisfactory  and  comparable  to  laparotomy.  Open 
laparoscopy  technique  is  advised  in  literature  for  the  safety 
of  the  procedure  in  advanced  pregnancy. 

In  case  of  premenarchal  and  adolescence  period, 
although  very  rare,  adnexal  torsion  may  occur  and 
sometimes  an  additional  congenital  malformation 
accompany.  With  the  advent  of  new  and  smaller 
instrumentation,  laparoscopic  surgery  has  extended  to 
include  the  neonate  as  well  as  the  pediatric  patient. 
Laparoscopic  detorsion  and  the  sparing  of  the  adnexa  is 
the  type  of  treatment  encouraged  in  the  literature  in  case  of 
benign  neoplasm,  although  the  patient’s  numbers  are  very 
limited.  Some  authors  suggest  contralateral  oophoropexy 
in  case  of  normal  appearing  adnexa. 

In  postmenopausal  women  due  to  increase  in  rate  of 
malignant  formations,  preoperative  investigations  for 
predicting  malignant  and  benign  lesions  is  very  important. 
Literature  supports  that  in  case  of  good  analyses  of  the 
patient  preoperatively  and  the  criteria  for  the  lesion  to  be 
benign  are  fulfilling,  laparoscopic  surgery  is  safe  and  if  the 
intraoperative  histopathological  diagnosis  is  also  benign, 
bilateral  salpingo-oophorectomy  is  the  treatment  of  choice. 
But  in  advanced  centers  with  a  skilled  surgeon  at  malignant 
procedures,  laparoscopic  surgery  and  laparoscopic  staging 
may  be  performed  in  case  suspicion  of  malignancy. 

Laparoscopic  Tubal  Reconstruction  and  Anastomosis 

Prior  to  laparoscopy,  most  tubal  recanalization  operations 
were  performed  by  an  operating  microscope  or  with 
magnifying  loupes  (Figs  30.3  and  30.4).  These  reduced 
tissue  trauma  and  increased  the  detection  of  abnormalities. 
Magnification,  which  enabled  the  use  of  microsurgical 
instruments  and  fine,  nonreactive  sutures,  was  an 
improvement  over  macrosurgical  techniques.  The 
combination  of  the  laparoscope  and  the  video  monitor  make 
it  possible  to  perform  tubal  microsurgery  using  laparoscopic 
instruments  due  to  magnification. 

The  serosa  of  the  fallopian  tube  is  delicate  and  easily 
traumatized,  especially  when  graspers  are  used  to  apply 
traction.  Although  laparoscopic  Babcock’s  clamps  allow 
atraumatic  manipulation  of  the  tube,  it  is  still  possible  to 
tear  the  mesosalpinx  and  lacerate  vessels.  It  is  preferable  to 
use  a  manipulating  probe,  a  closed  grasper,  or  the  suction- 
irrigator  to  position  the  tube  and  apply  traction.  If  necessary, 
the  tubal  serosa  should  be  held  behind  the  fimbria  on  the 
antimesenteric  aspect  using  atraumatic  grasping  forceps. 

The  fimbria  is  very  vascular  and  bleeds  with  little 
provocation.  The  bleeding  is  difficult  to  localize  precisely 
and  frequent  attempts  to  achieve  hemostasis  may  damage 
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tubes.  An  injection  of  3  to  5  ml  of  dilute  Pitressin  in  the 
mesosalpinx  can  be  used  to  decrease  bleeding.  The  removal 
of  any  large  clots  is  vital  to  prevent  adhesion  formation. 

Outcome  of  tuboplasty  depends  on  the  extent  of  adnexal 
disease  and  the  degree  of  postoperative  adhesion  formation. 
The  adhesions  can  be  filmy,  dense,  and  vascular  and  involve 
the  tubes  and  ovaries.  Tubal  abnormality  and  other  pelvic 
disease  (i.e.  endometriosis,  fibroids)  also  affect  the  outcome. 


Fig.  30.3:  Tubal  recanalization  surgery 


Judicious  use  of  suture  can  improve  the  operative 
outcome.  A  monofilament  suture  is  recommended  (i.e.  4-0 
PDS  or  similar  type)  (Fig.  30.3). 

Desire  to  perform  minimally  invasive  surgery  resulted  in 
the  continued  performance  of  anastomosis  by  laparoscopy. 
However,  the  reproductive  outcome  after  tubal  anastomosis 
by  laparoscopy  has  been  slightly  poor  than  open  procedure. 
Patients  who  want  reversal  of  sterilization  should  show  the 
documentation  of  the  sterilization  procedure  previously.  If 
previous  sterilization  is  performed  near  fimbria,  the  reversal 
is  seldom  successful  and  in  these  patients,  IVF  is 
recommended.  If  the  mechanical  occlusion  was  used  for 
previous  sterilization,  the  tube  is  not  much  destroyed  and 
reversal  is  more  successful.  The  ability  to  perform 
laparoscopic  tubal  reversal  is  limited  by  the  fine  suture  and 
needles  required  for  anastomosis  (Figs  30. 5A  and  B). 
Gynecologists  who  want  to  perform  recanalization  surgery 
should  have  good  practice  of  intracorporeal  suturing. 
However,  it  is  possible  to  prepare  the  tubes  through  the 
laparoscope  and  either  bring  the  ends  through  a  mini¬ 
laparotomy  incision  or  bring  the  entire  uterus  out  to  perform 
the  anastomosis  under  the  operating  microscope,  using  8-0 
polydioxanone  suture. 

Successful  tubal  anastomosis  depends  on  precise 
apposition  of  tissues  to  ensure  and  restore  anatomic  integrity 
(Fig.  30.6). 

Fine  suture  material  can  minimize  tissue  reaction  and 
excessive  scar  formation.  Several  obstacles  have  limited  the 
performance  of  tubal  anastomosis  at  laparoscopy.  One  of 
the  limiting  factors  of  less  success  rate  of  laparoscopic 
anastomosis  is  inappropriate  intracorporeal  suturing  skill. 

In  Europe,  the  availability  of  fibrin  glue  has  increased 
the  options  for  joining  tissues  without  suture.  Recently 
performed  randomized  prospective  study  has  compared 


Figs  30.4A  and  B:  Tubal  recanalization 
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Figs  30.5A  and  B:  6-0  vicryl  is  used  for  tubal  recanalization  surgery 


Fig.  30.6:  Chromotubation  after  recanalization 


microsurgical  tubal  anastomosis  with  anastomosis  using 
fibrin  glue.  Postoperative  adhesions  and  pregnancy  rates 
did  not  differ  between  the  two  groups. 

If  surgeon  does  not  have  sufficient  laparoscopic 
intracorporeal  suturing  skill,  the  ends  of  the  tube  are 
exteriorized  through  a  minilaparotomy  incision  and  the 
lumen  is  approximated  with  8-0  or  finer  vicryl.  Exteriorization 
is  aided  by  using  traction  on  the  uterine  manipulator  to 
properly  position  the  uterus.  Patients  are  discharged  the 
same  day  or  the  following  morning. 

The  anastomosis  has  been  completed  after  four 
6/0  sutures  have  been  tied.  Methylene  blue  dye  injected 
into  the  uterine  cavity  emerges  from  the  end  of  the  tube 
with  no  leakage  at  the  joint. 


With  continuous  progress  in  laparoscopic  micro¬ 
instruments,  with  refinement  of  video  cameras,  and  with 
further  improvement  of  endoscopic  surgical  suturing  skills, 
it  is  now  possible  to  perform  tubal  anastomosis  entirely  by 
laparoscopy.  However,  the  success  of  the  anastomosis 
should  never  be  sacrificed  for  the  sake  of  performing  the 
procedure  by  laparoscopy  and  increasing  skill  on  human 
patients. 

Laparoscopic  Management  of  Distal  Tubal  Occlusion 

A  hydrosalpinx  is  caused  by  distal  tubal  occlusion  and  is 
characterized  by  a  dilated  tube  filled  with  clear  fluid.  It  is 
usually  a  consequence  of  infectious  salpingitis  and  is 
associated  with  intrinsic  tubal  disease.  Distal  tubal 
obstruction  also  can  be  caused  by  ruptured  appendix, 
adhesions  from  previous  pelvic  surgery,  or  endometriosis, 
all  of  which  result  in  extrinsic  disease  and  do  not  significantly 
affect  the  delicate  tubal  mucosa. 

The  pregnancy  outcome  following  tuboplasty  is  related 
to  many  variables  that  reflect  the  severity  of  pre-existing 
disease.  Only  a  small  percentage  of  patients  achieve 
intrauterine  pregnancy. 

In  contrast,  pregnancy  rates  approached  zero  when  there 
were  numerous  dense  adhesions.  No  clear  pattern  was 
associated  with  the  risk  for  ectopic  pregnancy.  Several 
scoring  systems  have  been  proposed  to  predict  the 
probability  of  conception. 

To  free  the  fimbria,  a  closed  3  mm  forceps  is  inserted  into 
the  fallopian  tube  through  the  phimotic  opening.  The  jaws  of 
the  forceps  are  opened  within  the  tube;  the  open  forceps  are 
withdrawn.  This  procedure  is  repeated  until  satisfactory. 
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Neosalpingostomy 

Once  the  laparoscope  is  inserted,  two  more  suprapubic 
trocars  are  placed;  the  suction-irrigator  and  grasping  forceps 
can  be  introduced.  The  distal  portion  of  the  tube  is 
manipulated  into  position  with  the  grasper  or  the  uterine 
fundus.  Fluid  distention  of  the  tube  using  chromotubation 
allows  identification  of  the  avascular  central  point,  which  is 
generally  the  thinnest  portion  of  the  tube.  A  cruciate  incision 
should  be  given  using  the  scissor. 

Neosalpingostomy  also  can  be  performed  by  opening 
the  distended  end  of  the  tube  and  then  grasping  the 
endosalpinx  with  an  atraumatic  grasping  forceps,  pulling  it 
out  and  back  over  the  tube  like  a  sleeve.  The  defocused 
laser  may  be  used  to  further  avert  the  edges.  The  edges  of 
the  tube  are  sutured  to  the  tubal  serosa  using  6-0  PDS.  Tubal 
patency  is  confirmed  by  injecting  diluted  indigo  carmine 
through  the  cannula  of  the  uterine  manipulator.  The 
presence  of  fimbrial  adhesions  may  be  assessed  on  close- 
up  view  of  the  fimbria  as  the  dye  is  injected.  The  condition 
of  the  tubal  mucosa  can  be  evaluated  by  salpingoscopy. 

Salpingoscopy 

Until  recently,  it  was  not  possible  to  examine  the  tubal 
mucosa  endoscopically.  As  previously  noted,  the  degree  of 
tubal  mucosa  damage  is  probably  the  major  factor  in 
establishing  a  prognosis  for  tubal  reconstructive  surgery.  It 
has  been  assumed  that  tubal  patency  on  hystero- 
salpingogram  (HSG)  indicated  tubal  normality.  Thus,  the 
selection  of  patients  who  could  benefit  from  tubal 
reconstructive  surgery  was  based  on  preoperative  HSG  and 
laparoscopic  appearance  of  the  tubes.  Although  the  mucosal 
folds  can  be  outlined  by  HSG,  the  correlation  between 
radiological  studies  and  endoscopy  in  assessing  the  tubal 
mucosa  is  poor. 

For  salpingoscopy  first  laparoscopy  is  performed  by 
introducing  the  laparoscope  through  the  umbilicus  and 
inserting  two  other  accessory  ports  in  both  the  iliac  fossa. 
The  tube  is  manipulated  gently  with  atraumatic  forceps 
applied  to  the  antimesenteric  serosal  surface  close  to  the 
fimbria.  Once  the  fimbrial  end  is  in  the  line,  a  3  mm  telescope 
is  inserted  through  the  ipsilateral  accessory  port  and  gently 
placed  in  the  tubal  lumen.  Normal  saline  is  infused  through 
the  Cohen  cannula,  which  has  been  attached  to  the  cervix. 
The  saline  infusion  is  an  essential  part  of  the  procedure 
because  it  creates  space  and  makes  the  anatomy  of  the 
mucosa  fold  more  visible. 

The  distal  end  of  the  tube  can  be  occluded  with  an 
atraumatic  grasper  if  distention  of  the  tube  is  inadequate. 
The  scope  is  slowly  and  gently  advanced  under  direct  vision 
into  the  tubal  infundibulum  where  the  major  and  minor  folds 


can  be  seen.  In  a  normal  tube,  the  folds  are  well  formed, 
parallel  to  each  other,  and  freely  move  in  the  distending 
fluid.  The  tubal  lumen  is  followed  into  the  ampulla  by 
advancing  the  scope  and  carefully  negotiating  the  bends.  In 
the  ampulla  there  are  four  to  six  major  folds,  each  about  4 
mm  in  height,  with  accessory  folds  arising  from  them. 
Between  the  major  folds  there  are  several  minor  folds 
approximately  1  mm  in  height.  When  the  junction  of  ampulla 
and  isthmus  is  reached,  the  major  folds  give  way  to  three  or 
four  rounded  folds.  With  experience,  it  is  usually  possible  to 
follow  the  lumen  as  far  as  the  isthmic-ampullary  junction. 

Salpingoscopy  revealed  various  lesions  such  as 
synechiae  and  denuded  areas  that  were  unsuspected  from 
HSG  appearance,  for  a  false  negative  rate  of  45  percent.  If 
the  tubal  mucosa  seemed  to  have  an  abnormality  on  HSG, 
a  normal  mucosa  was  discovered  at  salpingoscopy  21 
percent  of  the  time.  These  data  suggest  that  salpingoscopy 
more  accurately  indicates  the  condition  of  the  tubal  mucosa 
than  HSG  and  that  assessment  of  tubal  status  by 
salpingoscopy  allows  a  better  assessment  of  treatment 
options. 

Currently,  more  infertility  surgery  is  performed  by 
laparoscopy  than  by  laparotomy. 

Laparoscopic  salpingoscopy  permits  detailed 
examination  of  the  ampullary  portion  of  the  tubal  mucosa 
and  is  particularly  useful  to: 

•  Detect  unsuspected  tubal  lesions  not  previously  identified 
on  HSG. 

•  Evaluate  the  extent  of  mucosal  damage  in  a  woman 
who  has  PID. 

•  Evaluate  the  status  of  tubal  mucosa  in  patients  who  have 
known  tubal  disease  with  or  without  a  hydrosalpinx. 

•  Decide  on  management  of  the  contralateral  tube  in  a 
woman  with  an  ectopic  pregnancy. 

•  Examine  tubes  before  the  granulocyte  immuno¬ 
fluorescence  test. 

Complications  from  this  operation  are  rare;  however,  it 
is  possible  to  damage  the  fimbriae  with  the  forceps,  causing 
minor  bleeding  or  adhesion  formation.  The  most  serious 
complication,  perforation  of  the  tubal  mucosa,  may  occur 
when  the  scope  is  advanced  blindly  or  with  unnecessary 
force.  Occasionally,  bleeding  will  occur  at  the  level  of  the 
fimbria,  but  usually  ceases  spontaneously. 

Salpingectomy 

There  are  occasions  when  a  fallopian  tube  is  damaged  to 
such  an  extent  that  its  removal  is  indicated.  Circumstances 
that  frequently  require  salpingectomy  include  pathologic 
conditions  such  as  ruptured  ectopic  pregnancy,  more  than 
two  ectopic  pregnancies  in  the  same  tube,  severe  tubal 
damage,  particularly  if  the  contralateral  tube  is  normal, 
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severe  pelvic  adhesions,  pain  caused  by  recurrent 
hydrosalpinx,  and  large  hydrosalpinx  or  torsion  with 
nonviability  of  the  tube. 

Salpingectomy  is  a  relatively  easy  procedure,  requiring 
those  instruments  commonly  used  to  perform  tubal 
electrocoagulation  for  sterilization.  The  minimum 
instruments  necessary  are  bipolar  electrocoagulator,  grasping 
forceps,  scissors,  and  laparoscope.  Once  the  patient  is 
anesthetized,  the  laparoscope  and  two  other  ports  are  placed, 
through  which  the  graspers  and  bipolar  electrocoagulator 
are  inserted.  Adhesions  that  limit  mobility  of  the  fallopian 
tube  are  lysed  and  it  is  grasped  at  the  isthemic  portion.  The 
most  proximal  portion  of  the  isthmus  is  coagulated  and  cut 
using  bipolar.  If  scissors  are  used,  the  bipolar 
electrocoagulator  must  be  removed  and  replaced  with  the 
scissors  through  the  same  secondary  trocar,  or  a  third 
accessory  trocar  is  placed.  The  laser  generally  is  faster  and 
more  precise  than  the  scissors.  Cutting  is  performed  in  layers 
so  there  is  less  chance  to  cut  beyond  the  coagulated  area. 
Once  the  isthmus  of  the  tube  is  transected,  the  mesosalpinx 
is  alternatively  coagulated  and  cut  at  intervals  of  1  to  2  cm 
in  the  direction  of  the  tubo-ovarian  ligament. 

Alternatives  to  bipolar  electrocoagulation  of  the 
mesosalpinx  are  the  automated  stapling  device,  and 
Endoloop  suture.  The  stapling  device  is  introduced  through 
a  12  mm  trocar  incision.  After  lysing  significant  adhesions 
and  mobilizing  the  tube,  it  is  pulled  up  and  put  under  traction. 
The  stapler  is  used  from  the  proximal  to  the  distal  end  to  staple 
and  cut  the  tube.  One  to  two  applications  are  sufficient  for  the 
entire  tube.  Before  using  the  endoloop  ligature,  both  the 
proximal  portion  of  the  tube  and  its  distal  attachment  to  the 
ovary  are  coagulated  and  cut.  The  endoloop  is  passed  around 
the  tube,  and  the  mesosalpinx  is  ligated  with  one  endoloop 
and  removed.  The  mesosalpinx  is  cut  above  the  ligature. 

Once  detached,  the  fallopian  tube  is  removed  from  the 
pelvis  through  one  of  the  10  mm  cannula  or  the  operating 
channel  of  the  laparoscope.  The  removal  of  a  larger  tube 
ruptured  tubal  pregnancy  or  hydrosalpinx,  may  require  an 
endobag. 
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Chapter 


Laparoscopic  Management 
Ectopic  Pregnancy 


Laparoscopy  is  one  of  the  major  advancement  for  tubal 
and  uterine  disease.  Surgical  procedures  for  managing 
benign  adnexal  masses  include  aspiration,  fenestration, 
ovarian  cystectomy,  unilateral  or  bilateral  salpingo- 
oophorectomy  and  laparoscopically-assisted  vaginal 
hysterectomy  (LAVH)  with  or  without  unilateral  or  bilateral 
salpingo-oophorectomy. 

ECTOPIC  PREGNANCY 

The  risk  of  ectopic  pregnancy  is  higher  in  white  women.  It 
increases  three  to  four  times  in  women  between  the  age  of 
35  and  44  compared  to  those  from  15  to  24.  About  64 
percent  of  ectopic  pregnancies  occur  in  the  ampulla  where 
fertilization  occurs.  The  recent  increase  in  incidence  of 
ectopic  pregnancy  has  been  attributed  to  a  greater  incidence 
of  sexually  transmitted  disease,  delayed  childbearing, 
previous  sexual  organ  surgical  interference  and  successful 
clinical  detection.  Any  condition  that  prevents  or  retard 
migration  of  fertilized  ovum  to  the  uterine  cavity  could 
predispose  a  woman  to  an  ectopic  gestation  (Fig.  31.1). 

Ectopic  pregnancy  usually  occurs  99  percent  of  cases  in 
the  uterine  tube  (Fig.  31.1).  It  can  be  found  in: 

•  The  ampulla  (64%) 

•  The  isthmus  (25%) 

•  The  infundibulum  (9%) 

•  The  intramural  junction  (2%) 

•  Ovarian  (0.5%) 

•  Cervical  (0.4%) 

•  Abdominal  (0.1%) 

•  Intraligamental  ( 0 . 05  % ) . 

Major  contributing  factors  and  associated  relative  risks 
for  ectopic  pregnancy  are: 

•  Current  use  of  intrauterine  device  (11.5%) 

•  Use  of  clomiphene  citrate  (10%) 

•  Prior  tubal  surgery  (5.6%) 

•  Pelvic  inflammatory  disease  (4.0%) 


•  Infertility  (2.9%) 

•  Induced  abortion  (2.5%) 

•  Adhesions  (2.4%) 

•  Abdominal  surgery  (2.3%) 

•  T-shaped  uterus  (2%) 

•  Myoma  (1.7%) 

•  Progestin  only  contraceptives  (1.6%). 

If  laparoscopy  is  planned,  the  location,  the  size,  and  the 
nature  of  the  tubal  pregnancy  are  ascertained.  If  the  bleeding 
has  ceased  or  can  be  arrested  adequately,  rupture  tubal 
pregnancies  can  be  treated  successfully  endoscopically.  Once 
bleeding  is  controlled,  the  products  of  conception  and  blood 
clots  are  removed.  If  there  is  more  than  1,500  cc 
hemoperitoneum,  laparoscopic  approach  is  contraindicated. 
Heparinized  saline  should  be  used  in  cases  of  large  hematoma. 
Large  ruptured  ectopic  require  extracorporeal  knotting. 
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Fig.  31.1:  Tubal  pregnancy:  (1)  The  ampulla;  (2)  The  isthmus 
(3)  The  infundibulum;  (4)  The  intramural  junctions 
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A  10  mm  suction  instrument  is  used  to  clean  the 
abdominal  cavity.  Forced  irrigation  with  normal  saline 
should  dislodge  the  clot  and  trophoblastic  tissue  from  the 
serosa  of  the  peritoneal  organs  with  minimal  injury  to  these 
structures  (Figs  31.2A  to  C). 

For  unruptured  tubal  pregnancy,  the  fallopian  tubes  is 
identified  and  mobilized  to  minimize  bleeding,  a  5  to  8  ml 
diluted  solution  containing  five  unit  vasopressin  in  20  ml  of 
saline  is  injected  with  a  20  gauge  spinal  or  laparoscopic  needle. 
It  should  be  injected  in  the  mesosalpinx  just  below  the  ectopic 
and  over  the  antemesentric  surface  of  the  tubal  segment 
containing  gestational  product.  The  needle  must  not  be 
inserted  deep  within  a  blood  vessel  because  intravascular 
injection  may  precipitate  acute  arterial  hypertension, 
bradycardia  and  sometime  it  may  be  fatal  (Fig.  31.3). 


After  stabilizing  the  tube  by  grasper  in  one  hand  and 
microelectrode  in  other,  a  linear  incision  is  made  on  the 
antimesenteric  surface  extending  one  to  two  centimeter  over 
the  thinnest  portion  of  tube.  The  fine  needle  tip  should  be 
used  in  the  cutting  mode,  and  should  barely  touch  the  tissue 
surface.  With  electrosurgery,  thermal  damage  may  spread 
if  large  tips  are  used  on  large  surface  areas  in  contact  with 
tissue.  It  is  important  to  remain  aware  of  the  location  of 
underlying  or  adjacent  structures.  If  the  gynecologists  are 
not  careful  there  may  be  a  chance  of  adjacent  visceral  injury. 

The  pregnancy  usually  should  protrude  through  the 
incision  and  slowly  slips  out  of  tube.  It  may  be  teased  gently 
out  using  hydrodissection  or  laparoscopic  atraumatic 
forceps.  Sometimes  forceful  irrigation  in  the  tubal  opening 
can  dislodge  the  gestation  from  implantation.  As  pregnancy 


Figs  31 .2A  to  C:  Salpingotomy  for  unruptured  ectopic  pregnancy 
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is  pulled  out  or  extrudes  from  the  tube,  some  of  the  product 
of  conception  can  adhere  to  the  implantation  site  by  a 
ligamentous  structure  containing  blood  vessels.  Using  bipolar 
this  structure  should  be  coagulated  before  removing  the 
tissue.  Depending  upon  the  size  of  the  product  of  conception, 
ectopic  is  removed  usually  through  a  10  mm  trocar  sleeve. 

Resection  of  the  tubal  segment  containing  the  gestation 
is  preferable  to  salpingostomy  for  an  isthmic  pregnancy  or 
a  ruptured  tube  or  if  hemostasis  is  difficult  to  obtain. 
Segmental  tubal  resection  is  performed  by  the  help  of  bipolar 
forceps  or  harmonic  scalpel.  Automatic  stapling  or  suturing 
devises  can  be  used  for  bloodless  tubal  resection.  If  the 
mesosalpinx  bleeds,  it  should  be  cauterized  by  using  bipolar 
forceps,  particular  attention  given  to  the  arcuate 
anastomosing  branches  of  the  ovarian  and  uterine  arteries. 
Total  salpingectomy  is  performed  by  progressively 
coagulating  and  cutting  the  mesosalpinx,  beginning  with 
the  proximal  portion  to  fimbrial  end.  It  is  separated  from 
the  uterus  using  bipolar  coagulation  and  scissors  (Fig.  31.4). 
The  isolated  segment  containing  the  tubal  pregnancy  is 
removed  intact  or  in  sectioned  part,  through  the  10  mm 
trocar  sleeve.  The  product  of  conception  can  be  placed  in  a 
plastic  bag  and  removed.  Multifire  stapling  devices  for 
salpingectomy  require  a  10  mm  trocar.  If  the  tissue  is  bulky 
and  can  not  be  accommodated  through  cannula,  endobag 
can  be  used  for  retrieval  of  tissue. 

Adhesion  or  other  pathologic  processes  such  as 
endometriosis  can  be  treated  simultaneously  during  removal 
of  ectopic  pregnancy  without  significantly  prolonging  the 
operation.  In  one  week  the  beta  hCG  should  return  to 
baseline,  i.e.  undetectable  or  very  low. 


Fig.  31 .3:  Suction  of  trophoblast  for  unruptured  ectopic  pregnancy 


If  the  pregnancy  is  interstitial  it  may  be  associated  with 
traumatic  rupture,  hemorrhagic  shock  and  there  is  two-fold 
increase  in  maternal  mortality  over  other  tubal  pregnancies. 
Delayed  diagnosis  and  increased  vascularity  of  this  make 
laparoscopic  procedure  difficult.  Two  to  four  percent  of 
ectopic  are  interstitial.  The  anatomy  of  ectopic 
accommodates  the  growing  gestation,  accounting  for  its  late 
recognition.  The  traditional  management  is  better  in  these 
cases,  i.e.  salpingectomy  with  or  without  corneal  resection 
and  in  some  difficult  cases  hysterectomy  may  be  necessary. 
Interstitial  pregnancy  can  be  suspected  at  the  time  of 
laparoscopy  when  large  and  asymmetrical  uterus  is  seen. 

Most  patients  are  discharged  within  48  hours.  There  is  a 
higher  fertility  rate/intrauterine  pregnancy  rate  in  subsequent 
pregnancies  with  laparoscopic  techniques  (Fig.  31.5). 


Fig.  31.4:  Salpingectomy 


Fig.  31.5:  Hemoperitoneum 
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Laparoscopic  surgery  is  a  good  option  for  rupture  ectopic 
and  ruptured  ectopic  does  not  necessarily  warrant  a 
laparotomy.  If  the  patient  is  hemodynamically  stable  and 
initial  laparoscopic  examination  indicates  a  moderate  blood 
loss,  it  may  be  possible  to  control  bleeding  laparoscopically 
and  perform  any  indicated  procedures.  If  the  patient  is  in 
stage  II  or  stage  III  shock  who  has  a  large  hemoperitoneum, 
laparotomy  is  the  better  choice.  Managing  ruptured  ectopic 
pregnancies  involves  examining  the  pelvis,  localizing  the 
ectopic,  aspirating  blood  and  clots,  localizing  and  controlling 
the  bleeding  points,  and  performing  either  salpingectomy 
or  in  rare  situations,  an  oophorectomy  is  performed 
concurrently. 

Controlling  bleeding  is  the  most  critical  part  of  the 
procedure,  and  several  methods  can  be  attempted 
sequentially  to  achieve  hemostasis: 

•  Identification  of  the  bleeding  point  followed  by  careful 
bipolar  electrodesiccation. 

•  Injection  of  vasopressin  over  the  mesosalpinx. 

•  Electrodesiccation  of  the  mesosalpinx. 

•  If  bleeding  does  not  stop  by  these  means  the  partial  or 
complete  salpingectomy,  depending  on  the  portion  of  tube 
involved  and  the  patient’s  desire  for  fertility. 

After  successfully  managing  the  ectopic  pregnancy 
laparoscopically,  the  patient  can  be  discharged  second  day. 
The  patient  should  come  again  for  a  serum  ft-hCG  one  week 
postoperatively  to  ascertain  resolution  of  the  ectopic 
gestation.  The  ft-hCG  level  should  be  either  undetectable 
or  very  low  after  one  week  of  surgery.  If  it  is  above  20  mlU/ 
mL,  a  repeat  blood  test  is  ordered  one  to  2  weeks  later 
when  the  ft-hCG  should  be  undetectable. 

DISCUSSION 

Ectopic  pregnancy  was  first  discovered  in  the  11th  century, 
and  until  the  middle  of  the  18th  century,  it  was  usually  fatal. 
John  Bard  reported  the  first  successful  surgical  intervention 
to  treat  an  ectopic  pregnancy  in  1759. 

According  to  Sepilian,  the  survival  rate  in  the  19th 
century  was  dismal,  however,  in  the  beginning  of  the  20th 
century,  improvement  in  blood  transfusion,  anesthesia,  and 
antibiotics  contributed  to  the  decrease  in  the  maternal 
mortality.  Ectopic  pregnancy  currently  is  the  leading  cause 
of  pregnancy-related  deaths  in  the  first  trimester.  Sepilian 
stated  that  ectopic  pregnancy  is  derived  from  the  Greek  word 
“ektopos”  meaning  out  of  place,  and  it  refers  to  the 
implantation  of  the  fertilized  ovum  in  a  location  outside  of 
the  uterine  cavity  including  the  fallopian  tubes,  cornual  or 
interstitial  region  of  the  uterus  and  fallopian  tubes,  cervix, 
ovary,  and  the  abdominal  cavity.  This  abnormally  implanted 
pregnancy  grows  and  draws  its  blood  supply  from  the  site 
of  abnormal  implantation,  as  the  gestation  enlarges  it  creates 
the  potential  for  organ  rupture  because  only  the  uterine 


cavity  is  designed  to  expand  and  accommodate  fetal 
development.  The  arterial  blood  supply  to  the  mesosalpinx 
provided  by  branches  of  the  ovarian  artery  that  derive 
directly  from  the  aorta  as  well  as  the  branches  from  the 
uterine  artery  that  derive  from  the  internal  iliac  artery, 
provides  the  fallopian  tubes  with  a  rich  arterial  supply  that 
can  bleed  in  the  event  of  a  perforated  tube,  to  massive 
catastrophic  hemorrhage  and  maternal  death. 

Seeber  reported  in  2006  from  a  study  at  the  University 
of  Pennsylvania  reported  that  the  incidence  of  ectopic 
pregnancy  has  increased  six-fold  since  1970,  and  is 
responsible  for  approximately  nine  percent  of  all  pregnancy 
related  deaths  in  the  United  States.  The  author  further 
reported  that  a  rise  in  the  quantitative  beta  subunit  of  human 
chorionic  gonadotropin  of  a  maximum  of  53  percent  over 
two  days  would  be  required  for  a  viable  pregnancy,  and  a 
decline  of  21  to  35  percent  in  48  hours  would  be  mandatory 
for  a  diagnosis  of  spontaneous  abortion. 

Seeber  stated  that  the  absence  of  an  intrauterine 
pregnancy  above  an  established  cut  point  of  hCG  is 
consistent  with  an  abnormal  pregnancy,  but  does  not 
distinguish  a  miscarriage  from  an  ectopic  pregnancy. 

Seeber  stated  that  the  symptoms  of  abdominal  pain  or 
pelvic  pain  and  vaginal  bleeding  are  the  most  common 
complaints  suggestive  of  ectopic  pregnancy.  The  multiple 
potential  sites  of  ectopic  pregnancies  add  to  the  complexity 
of  the  diagnosis.  Seeber  also  stated  that  these  symptoms 
may  be  erratic  and  variable,  and  in  some  cases,  absent. 
Likewise,  such  symptoms  are  non-specific,  and  also  have 
been  associated  with  spontaneous  abortion,  cervical 
irritation,  or  trauma,  and  infection. 

Sepilian  wrote  that  the  classic  triad  of  amenorrhea,  pain, 
and  vaginal  bleeding  has  been  strongly  associated  with  the 
clinical  presentation  of  ectopic  pregnancy.  However,  50 
percent  of  patients  with  ectopic  pregnancy  present  without 
this  triad.  They  may  have  symptoms  associated  with  early 
pregnancy,  including  nausea,  fatigue,  lower  abdominal  pain, 
painful  uterine  cramping,  recent  dyspareunia,  and  shoulder 
pain. 

Due  to  increased  technology,  most  ectopic  are  diagnosed 
prior  to  rupture.  Sepilian  reported  that  approximately  20 
percent  of  ectopic  patients  are  hemodynamically  unstable 
at  initial  presentation  suggesting  a  ruptured  ectopic  gestation. 
There  is  a  10  to  25  percent  chance  of  a  recurrent  ectopic 
pregnancy. 

Risk  factor  included  progesterone  intrauterine  device. 
Increasing  maternal  age  plays  important  roles  in  ectopic  pregnancy 
and  women  aged  35  to  44  years  have  a  three  to  four-fold  higher 
chance  compared  to  women  aged  15  to  24  years. 

Smoking  may  alter  tubal  and  uterine  motility,  and  is 
associated  with  a  risk  of  1.6  to  3.5  times  more  than  non- 
smokers.  Other  factors  associated  with  an  increased  risk  of 
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ectopic  pregnancies  include  prior  abdominal  surgery,  a 
ruptured  appendix,  exposure  to  diethylstilbestrol  and  uterine 
developmental  abnormalities. 

Most  authors  list  prior  tubal  infection.  Chlamydia  may 
be  asymptomatic  and  untreated  as  well  as  other  infectious 
agents  associated  with  an  increased  risk  of  salpingitis  and 
potential  tubal  damage.  Sepilian  stated  that  within  the  last 
two  decades,  there  has  been  a  more  conservative  surgical 
approach  to  unruptured  ectopic  gestation.  Utilizing  minimally 
invasive  surgery,  laparoscopy  has  become  the 
recommended  approach  in  most  cases.  Laparotomy  has 
been  usually  reserved  for  cases  where  the  patients  have  been 
hemodynamically  unstable,  or  when  the  surgeon  is 
inexperienced  in  laparoscopy. 

Seeber  stated  that  laparoscopic  minimally  invasive 
approach  has  become  the  preferred  surgical  approach,  and 
laparotomy  is  reserved  for  hemodynamically  unstable 
patients.  Other  situations  in  which  the  open  surgical  approach 
may  be  preferable  include  extensive  pelvic  adhesions  where 
adequate  visualization  of  the  ectopic  is  impossible  or 
extratubal,  intra-abdominal  ectopic  gestation,  where  risk  of 
injury  to  other  pelvic  structures  is  high.  Bruhart  reported  the 
first  laparoscopic  surgery  for  ectopic  pregnancy  in  1980. 

LAPAROSCOPY  VS  LAPAROTOMY  IN 
TREATMENT  OF  ECTOPIC  PREGNANCIES 

El-Tabbakh  reported  the  results  of  a  trial  in  Kuwait  from 
March  1999  to  October  2001,  involving  207  patients  to 
compare  laparoscopy  vs.  laparotomy  for  surgical  treatment 
of  ectopic  pregnancy.  One  hundred  eighty-four  were  treated 
by  laparoscopy  and  23  by  laparotomy  of  the  207  patients 
with  a  diagnosis  of  ectopic  pregnancy  based  on  clinical 
symptoms,  history,  physical  examination,  positive  serum 
beta  hCG,  transvaginal  ultrasonography  and  ectopic 
pregnancy  conformed  at  laparoscopy.  Following  surgery, 
patients  were  followed  with  serial  quantitative  beta  hCG  on 
days  4  and  7,  then  weekly  until  labels  less  than  20  IU/L 
were  obtained.  Those  treated  with  laparoscopy  had  an 
overall  success  rate  of  98.9  percent.  Moreover,  the  patients 
treated  by  laparoscopy  had  significantly  lower  blood  loss. 
Blood  transfusion  was  required  by  13  percent  in  the 
laparoscopically  treated  group  compared  to  23  percent  in 
the  laparotomy  group.  All  patients  had  the  ectopic  pregnancy 
confirmed  by  laparoscopy  and  the  decision  to  proceed  with 
operative  laparoscopy  or  laparotomy  depended  on  the 
minimal  invasive  surgery  experience  of  the  surgeon  on  call. 
There  were  no  intraoperative  complications  and  the  duration 
of  surgery  ranged  from  66  minutes  to  72  minutes  for  both 
groups.  The  Kuwait  study  led  the  author  to  conclude  that 


laparoscopy  treatment  offered  benefits  superior  to 
laparotomy  with  less  blood  loss,  therefore,  a  reduced  need 
for  transfusion.  The  patients  experienced  less  need  for 
analgesia,  and  a  shortened  postoperative  hospitalization. 

Yuen’s  study  included  105  patients  in  Hong  Kong,  there 
were  no  differences  in  age,  parity,  gestational  age,  and 
pregnancy  of  previous  laparotomy  between  the  groups  had 
a  diagnostic  laparoscopy  prior  to  laparotomy.  The 
laparoscopy  group  had  a  lower  incidence  of  hemoperitoneum 
(45.9%  vs  75%);  Yuen’s  study  was  performed  in  Hong  Kong. 
Yuen  stated  that  operative  laparoscopy  has  the  advantage  of 
combining  diagnostic  and  therapeutic  procedures  in  a  single 
operation  in  a  better  approach  than  laparotomy  for  the 
management  of  tubal  pregnancy. 

Xiang’s  study  was  conducted  in  Shanghai.  Seventy  two 
of  ectopic  pregnancy  patients  were  treated  laparoscopically. 
The  author  concluded  that  while  it  was  more  expensive  than 
laparotomy  the  operating  time  and  postoperative 
hospitalization  were  shortened.  In  the  laparoscopy  studies, 
the  authors  stressed  reduced  blood  loss,  shortened  hospital 
stay,  and  reduced  need  for  postoperative  analgesia  as 
recurrent  positive  findings  throughout  the  various  studies. 

Seeber  commented  on  the  laparoscopic  treatment  of 
salpingostomy  versus  salpingectomy.  Seeber  noted  that  if 
salpingostomy  has  not  resulted  in  improvement  of 
subsequent  pregnancy  rate  over  salpingectomy,  then  she 
would  have  recommended  salpingostomy  for  all  ectopic 
pregnancy  patients.  However,  she  states  that  the  data  to 
support  this  contention  are  not  clear  cut.  The  approximate 
50  percent  subsequent  pregnancy  rate  has  been  noted  with 
either  method.  The  rate  of  recurrent  ectopic  pregnancy 
appeared  higher  in  the  salpingostomy  (15-10%).  The 
decision  to  perform  salpingostomy  is  opposed  to 
salpingectomy  is  often  made  intraoperatively.  In  case  of 
severe  damage  or  tubal  rupture,  tubal  conservation  is  not 
indicated.  Moreover,  if  tubal  bleeding  occurs  that  requires 
extensive  coagulation,  then  salpingectomy  may  be  indicated 
due  to  tubal  damage.  The  success  of  in  vitro  fertilization  has 
been  beneficial  for  those  patients  who  have  salpingectomy. 
The  formation  of  shadisation  postoperatively  has  been  more 
extensive  with  laparotomy.  Seeber  noted  that  ectopic 
pregnancy  occurs  most  frequently  as  a  result  of  fallopian 
tube  pathology;  therefore,  there  is  a  risk  of  recurrence  in 
both  the  affected  and  contralateral  tube.  Women  who 
undergone  salpingectomy  will  have  a  risk  of  subsequent 
ectopic  pregnancy  in  the  remaining  tube. 

As  the  surgeons  gain  more  experience  and  training  with 
laparoscopic  surgery  for  ectopic  pregnancy,  it  has  become 
the  preferred  choice  when  equipment  and  resources  are 
available. 


Chapter 
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Since  the  advent  of  laparoscopic  surgery  in  the  1980s, 
laparoscopic  surgery  has  been  popularized  by  surgeons 
throughout  the  world.  However,  routine  laparoscopic 
surgery  has  been  slow  to  catch  the  pregnant  patient. 
Treatment  of  surgical  disease  in  the  gravid  patient  requires 
a  unique  and  careful  approach  where  safety  of  the  mother 
and  fetus  are  both  considered. 

During  pregnancy  due  to  the  physiological  changes  that 
take  place  in  the  mother  and  considering  the  presence  of  a 
living  fetus  in  utero ,  surgical  conditions  are  handled  with  a 
lot  of  care  and  cautions.  In  past,  pregnancy  was  considered 
to  be  absolutely  contraindicated  for  laparoscopic 
intervention,  but  with  better  understanding  of  physiology 
of  pregnancy  and  improved  anesthetic  and  laparoscopic 
techniques,  emergency  laparoscopic  procedures  such  as, 
diagnostic  laparoscopy  for  pain  abdomen,  appendicectomy, 
splenectomy,  pheochromocytoma,  cholecystectomy,  are 
feasible  in  pregnancy.  Lachman  et  al.  have  already  reported 
300  laparoscopic  procedures  during  pregnancy. 

The  responsibility  of  caring  for  two  patients  during  one 
operation  and  the  concern  over  potential  harm  to  the  unborn 
fetus  due  to  the  pneumoperitoneum  and/or  instrumentation 
are  factors  that  have  played  a  role  in  the  delay  of  adapting 
laparoscopic  surgery  to  the  pregnant  patient  (Fig.  32.1). 
However,  recent  evidence  suggests  that  not  only  is 
laparoscopic  surgery  safe  in  the  pregnant  patient  in  all  three 
trimesters,  but  it  is  also  often  preferable. 

During  pregnancy  usually  all  surgical  procedures  are 
avoided  to  minimize  various  risks  of  anesthesia  and 
procedure  to  mother  and  fetus.  At  times  emergency  surgical 
conditions  makes  it  absolutely  necessary  for  intervention. 
With  increasing  progress  in  minimal  access  surgery  more 
and  more  surgeons  have  found  the  skill  and  interest  to 
perform  the  emergency  procedures  laparoscopically. 
Laparoscopy  was  first  done  in  pregnancy  for  diagnosis  and 
evaluation.  The  first  laparoscopic  appendicectomy  in 


pregnancy  was  performed  by  Scheiber  in  1990.  The  first 
laparoscopic  cholecystectomy  in  laparoscopy  was  first  done 
in  pregnancy  for  diagnosis  and  evaluation  of  acute 
abdominal  pain  in  1980. 
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Fig.  32.1:  Anatomical  changes  inside  abdominal  cavity 
during  pregnancy 


382 


Section  3:  Laparoscopic  Gynecological  Procedures 


However,  surgical  intervention  in  pregnant  ladies  needs 
special  consideration  of  well-being  of  both  mother  and  fetus, 
if  intrauterine  viable  fetus  is  present,  and  in  cases  of  ectopic 
pregnancy  or  heterotrophic  pregnancy,  the  pathophysio¬ 
logical  changes  brought  about  during  pregnancy  should  be 
considered  for  the  safety  of  patient  (Fig.  32.2).  Furthermore, 
with  advancement  of  pregnancy  laparoscopic  diagnosis  and 
procedures  become  more  challengingly  difficult  as  the  gravid 
uterus  displaces  the  organs  and  becomes  completely  an 
abdominal  organ. 

Up  to  date  the  data  on  laparoscopic  procedures  during 
pregnancy  are  still  limited,  but  with  growing  ability  of  minimal 
access  surgeons  the  recent  accumulating  data  shows  that 
laparoscopic  procedures  such  as  diagnostic  laparoscopy, 
adnexal  surgery,  appendicectomy,  splenectomy,  cholecy¬ 
stectomy  and  management  of  ectopic  and  heterotrophic 
pregnancies  are  relatively  safe  and  effective  during  pregnancy, 
if  certain  precautions  are  taken.  But  of  course  like  all  surgical 
procedures  in  pregnancy  there  is  an  increased  risk  of  certain 
complications  with  laparoscopic  intervention  in  pregnancy. 

PHYSIOLOGICAL  CHANGES  IN  PREGNANCY 

Almost  all  the  organ  systems  undergo  physiological  changes 
in  pregnancy.  These  changes  should  be  considered  during 
operative  procedures  in  pregnancy. 

Gastrointestinal  System 

Due  to  enlarged  gravid  uterus,  stomach  is  pushed  towards 
diaphragm  and  assumes  a  more  horizontal  position.  The 


Fig.  32.2:  Proper  evaluation  of  patient  is  necessary  to  evaluate 
pathophysiological  changes 


viscera  like  transverse,  ascending  and  descending  colon  are 
displaced,  so  location  of  abdominal  pain  and  tenderness 
especially  in  condition  like  appendicitis  is  altered.  The 
hormonally  induced  decrease  lower  esophageal  sphincter 
tone  causes  gastroesophageal  regurgitation  which  places  the 
pregnant  lady  at  higher  risk  of  aspiration,  so  nasogastric 
tube  suction  and  careful  airway  management  is  necessary 
for  all  pregnant  patients  undergoing  laparoscopy. 

Cardiovascular  and  Hematological  Changes 

Cardiac  output  and  blood  volume  increase  by  30  to  40 
percent,  but  as  RBC  volume  does  not  expand  by  same  ratio 
this  result  in  physiological  anemia  specially  noticed  in  the 
second  trimester.  After  20  weeks  gestation,  the  gravid  uterus 
compresses  the  aorta  and  inferior  vena  cava  and  may  cause 
supine  hypotension  syndrome,  so  during  surgery  the  patient 
should  be  positioned  in  lateral  recumbent  position  to  avoid 
vena  caval  compression.  A  vasomotor  block  caused  by  spinal 
anesthesia  produces  more  severe  hypotension  than  in 
nonpregnant  individuals.  During  pregnancy  WBC  count 
increases  to  12,000  to  14,900  per  mm. 

A  hypercoagulable  state  is  physiologically  develops  in 
pregnancy  due  to  increase  in  fibrinogen  and  other 
coagulation  factors  such  as  factor  VII,  factor  VIII,  factor  IX, 
and  factor  X.  Thus,  the  risk  of  thromboembolism  increases 
in  pregnancy. 

Respiratory  System 

Due  to  enlarging  gravid  uterus  gradually  the  chest 
movements  are  restricted.  There  is  an  increase  in  minute 
ventilation  and  oxygen  consumption  and  decrease  in 
residual  volume,  also  mixed  venous  oxygen  content  and 
functional  reserve  capacity  also  decreases  so  the  patient  is 
prone  to  hypoxemia  and  hypocapnia.  PaC02  of  28  to  32 
mm,  pH  of  7.44  and  decrease  bicarbonate  levels  are  detected 
due  to  chronic  respiratory  alkalosis  which  has  to  be 
maintained  during  pregnancy.  The  patient  gains  more  weight 
during  pregnancy  and  there  is  more  edema  in  soft  tissues  of 
neck,  so  the  anesthetist  may  face  more  difficulties  in  airway 
management. 

Urinary  System 

Hydroureter,  decreased  urethral  peristalsis  and  bladder 
expansion  increase  incidence  of  urinary  tract  infection.  There 
is  an  increased  retention  of  water  and  electrolytes. 

Other  Changes 

In  addition  to  the  respiratory  changes,  there  are  mild 
hematologic  abnormalities  in  the  pregnant  patient.  Levels 
of  fibrinogen,  factor  VII,  and  factor  XII  are  increased,  whereas 
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there  are  decreased  levels  of  antithrombin  III,  all  of  which 
result  in  an  increased  risk  of  venous  thromboembolism. 
When  considering  the  acute  abdomen  in  a  pregnant  patient, 
making  the  correct  diagnosis  may  often  be  difficult.  Nausea 
and  vomiting,  leukocytosis,  low-grade  fever,  mild 
hypotension,  and  anorexia  are  common.  The  gravid  uterus 
pushes  the  abdominal  contents  cephalad,  displacing  organs 
and  inhibiting  the  migration  of  the  omentum,  causing  altered 
landmarks  and  often  distorting  the  clinical  picture.  During 
the  second  and  third  trimesters,  the  gravid  uterus  may  cause 
decreased  gastric  motility  and  may  lead  to  an  increased  risk 
of  gastroesophageal  reflux  disease  (GERD)  and  aspiration 
as  well. 

FETAL  CONSIDERATION 

Fetus  is  a  hidden  patient  in  the  womb  of  the  pregnant  mother 
and  its  health  should  be  considered  by  surgeon  and 
anesthetist  both.  It  is  important  to: 

•  Maintain  uteroplacental  blood  flow  and  oxygenation. 
Decreased  uteroplacental  blood  flow  may  be  due  to 
maternal  hypotension  or  increase  in  uterine  artery 
resistance. 

•  Maternal  hypoxia  causes  fetal  hypoxia  and  metabolic 
acidosis  and  in  long-term  it  may  be  fatal  to  infant,  so  it 
should  be  prevented. 

•  Avoid  teratogenic  drugs  during  anesthesia.  Cocaine  is 
known  to  have  teratogenic  effect  so  products  containing 
cocaine  should  be  avoided.  Diazepam  and  nitrous  oxide 
are  considered  safe  during  anesthesia  as  no  teratogenicity 
was  detected  clinically. 

•  Avoid  preterm  labor.  Try  to  manipulate  uterus  minimum 
as  possible.  Although  there  is  an  increased  incidence  of 
spontaneous  abortion,  premature  delivery  and  low  birth 
weight  following  anesthesia  but  in  emergency  situations 
operation  is  unavoidable. 

EFFECTS  OF  PNEUMOPERITONEUM  IN  PREGNANCY 
DURING  LAPAROSCOPIC  PROCEDURE 

In  pregnant  patient,  the  pneumoperitonium  increases  the 
intra-abdominal  pressure  and  this  causes  decreased  inferior 
vena  caval  return  to  the  heart,  hence  decreased  cardiac 
output.  With  reverse  Trendelenburg  position  decreased 
cardiac  output  is  even  worsened,  cardiac  index  decreases, 
and  when  this  is  combined  with  mothers  hypoxia  can  cause 
fetal  death.  Increased  intra-abdominal  pressure  also  leads 
to  decreased  uterine  blood  flow  and  increase  intrauterine 
pressure,  these  may,  in  turn,  cause  fetal  hypoxia  and  may 
lead  to  fetal  death.  Pneumoperitoneum  decreases  the 
diaphragmatic  movement,  in  pregnant  lady  already  the 
movement  of  diaphragm  is  decreased  due  to  bulky  uterus, 
this  further  decrease  in  movement  due  to  pneumoperitonium 


causes  increased  peak  airway  pressure,  decrease  functional 
reserve  capacity,  increased  ventilation  perfusion  mismatch, 
decreased  thoracic  cavity  compliance  and  increase  pleural 
pressure. 

Use  of  C02  for  causing  pneumoperitoneum  leads  to 
hypercarbia  and  further  hypoxemia.  The  C02  absorbs  across 
the  peritoneum  and  leads  to  respiratory  acidosis  in  patient 
and  her  fetus.  If  pC02  increases  above  40  mm,  decreased 
removal  of  C02  occurs  leading  to  fetal  acidosis.  Fetal 
tachycardia  and  hypotension  may  develop  as  a  result  of 
fetal  hypocarbia.  This  can  be  corrected  by  maintaining  mild 
maternal  respiratory  alkalosis,  by  hyperventilating  the  mother 
during  surgery.  Monitoring  maternal  arterial  blood  gases  is 
better  than  monitoring  PaC02  during  laparoscopic 
procedures. 

N20  as  the  gas  for  pneumoperitonization  will  not  cause 
fetal  respiratory  acidosis,  but  it  is  highly  combustible. 

CRITERIA  FOR  PATIENT  SELECTION 

A  safe  laparoscopic  procedure  can  be  performed  in  all  the 
three  trimesters  of  pregnancy  from  2  to  31  weeks. 

During  the  first  trimester  there  is  increase  risk  of  abortion 
up  to  12  percent  also  risk  of  teratogenesis  increases  in  first 
trimester.  In  the  third  trimester,  there  is  a  40  percent  risk  of 
preterm  labor  and  30  percent  risk  of  premature  birth.  Also 
the  visualization  in  laparoscopic  procedure  is  decreased  due 
to  enlarged  uterus. 

Therefore,  second  trimester  is  considered  as  the  safest 
time  for  laparoscopic  surgery  in  pregnancy.  The  risk  of 
abortion  is  not  increased,  no  risk  of  teratogenesis,  and  risk 
of  preterm  labor  is  only  five  percent  in  second  trimester. 

ADVANTAGES  OF  LAPAROSCOPY  IN  PREGNANCY 

•  Short  hospital  stay 

•  Early  return  to  normal  activities 

•  Small  incision,  so  rapid  postoperative  recovery  and  less 
incision  complications  such  as  hernia,  postoperative 
wound  infection  and  pain. 

•  Less  uterine  manipulation  and  hence  decrease  uterine 
irritability  and  fetal  loss. 

Risk  of  Laparoscopy  in  Pregnancy 

•  More  chance  of  uterine  injury  during  port  entry  as  uterus 
becomes  an  abdominal  organ  after  first  trimester  (Fig.  32.3) . 

•  Problems  associated  with  pneumoperitonization  as 
discussed  already. 

•  C02  absorption  causes  increase  C02  pressure  and 
decrease  arterial  pH. 

•  Risk  of  exposure  to  intra-abdominal  smoke  including 
carbon  monoxide  generated  by  electro-  surgery  and  laser. 
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Fig.  32.3:  Injury  of  pregnant  uterus 


Strategies  for  Safe  Laparoscopic 
Surgery  in  Pregnancy 

•  Surgery  should  be  done  in  second  trimester. 

•  If  patient  presents  in  late  third  trimester,  surgery  should 
be  postponed  if  possible  until  after  delivery. 

•  Nasogastric  incubation  is  a  must  in  all  cases  as  there  is  a 
high  risk  of  aspiration  into  the  lungs. 

•  Patient  can  be  placed  in  dorsal  lithotomy 
position  in  the  first-half  of  pregnancy,  but  in  second- 
half  to  prevent  inferior  vena  cava  compression  patient 
is  ideally  placed  in  lateral  recumbent  position. 

•  Hypotension  should  be  avoided;  proper  fluid 
replacement  should  be  done. 

•  Ideal  method  for  commencing  pneumoperitoneum  is 
open  Hasson  trocar  method.  Placement  of  trocar 
depends  on  the  size  of  gravid  uterus. 

•  Tocolysis  is  indicated  if  signs  of  uterine  irritability  are 
present. 

•  Decrease  operation  time  by  using  adequate  number  of 
ports,  and  using  the  most  experienced  surgeons. 

•  Maternal  hyperventilation  to  maintain  end-tidal  C02 
pressure  at  32  mm  Hg. 

•  Lower  C02  insufflations  pressure  of  <  12  mm  Hg  should 
be  used  to  avoid  fetal  acidosis. 

•  Electrocautery  should  be  used  with  care;  the  smokes 
containing  carbon  monoxide  should  be  evacuated 
promptly  to  avoid  toxic  effect  to  fetus. 

•  Entry  of  all  instruments  must  be  under  direct  vision;  care 
should  be  taken  to  avoid  injury  to  the  gravid  uterus. 

•  All  specimens  should  be  removed  with  endobag  to  avoid 
spillage. 

•  Manipulators  should  never  be  fixed  to  vagina  or  cervix. 


Society  of  American  Gastrointestinal  Endoscopic 
Surgery  (SAGES)  Recommendations 

•  Obstetrical  consultation  should  be  obtained  preopera- 
tively. 

•  When  possible,  operative  intervention  should  be  deferred 
until  the  second  trimester,  when  fetal  risk  is  lowest. 

•  Pneumoperitoneum  enhances  lower  extremity  venous 
stasis  already  present  in  the  gravid  patient  and  pregnancy 
induces  a  hypercoagulable  state.  Therefore,  pneumatic 
compression  devices  should  be  utilized  whenever  possible. 

•  Fetal  and  uterine  status,  as  maternal  end  tidal  C02  and / 
or  arterial  blood  gases,  should  be  monitored. 

•  The  uterus  should  be  protected  with  a  lead  shield  if 
intraoperative  cholangiography  is  a  possibility. 

•  Fluoroscopy  should  be  utilized  selectively. 

•  Given  the  enlarged  gravid  uterus,  abdominal  access 
should  be  attained  using  an  open  technique. 

•  Dependent  positioning  should  be  utilized  to  shift  the 
uterus  away  from  the  inferior  vena  cava. 

•  Pneumoperitoneum  pressures  should  be  kept  at  10  mm 

Hg. 

•  Further  studies  into  methods  that  increase  the  safety  of 
laparoscopy  in  pregnant  patient  should  be  done. 

DISCUSSION 

Advances  in  laparoscopic  surgery  have  led  to  development 
of  methods  to  perform  abdominal  surgery  and  reduce 
morbidity  using  minimal  access  surgery  techniques.  In  1999, 
Lachman  et  al.  reported  on  a  series  of  pregnant  women 
undergoing  518  surgical  procedures.  Cholecystectomy 
(45%)  is  the  most  common  procedures  performed  during 
pregnancy  followed  by  adnexal  surgery  (34%)  and 
appendicectomy  (15%). 

Operative  procedures  are  postponed  in  pregnant  patient 
until  after  delivery,  but  in  acute  emergency  conditions  even 
if  the  patient  is  pregnant,  operation  should  be  performed. 

According  to  the  recent  studies  done  the  second  trimester 
is  ideal  for  laparoscopic  intervention. 

Most  cases  reported  and  small  series  indicate  that 
laparoscopy  can  be  safely  performed  during  pregnancy.  The 
incidence  of  prematurity  and  intrauterine  growth  restriction 
was  reported  to  be  higher  in  the  open  surgical  group  too. 

Two  recent  studies  suggest  that  there  is  no  difference  in 
fetal  outcome  for  patient  with  singleton  pregnancies 
undergoing  laparoscopy  or  laparotomy.  In  one  study  the 
resultant  children  born  after  laparoscopic  surgery  was 
performed  on  their  mother  during  their  intrauterine  life,  were 
monitored  and  no  evidence  of  developmental  or  physical 
abnormality  was  detected  during  the  study  period.  Despite 
the  growing  clinical  experience  suggesting  that  laparoscopy 
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is  as  safe  as  laparotomy  in  pregnancy,  more  long-term 
clinical  studies  are  required. 

CONCLUSION 

A  laparoscopic  access  to  pathology  in  pregnancy  has  many 
benefits  for  the  patient,  but  it  is  important  that  the  surgeon 
and  anesthetist  both  have  an  immense  knowledge  of 
maternal  fetal  physiology.  An  experienced  surgeon  can 
continue  to  perform  laparoscopy  safely  in  all  trimesters  by 
without  significant  increases  in  either  maternal  or  fetal 
morbidity  or  mortality.  Further  controlled  clinical  studies  are 
needed  to  clarify  many  other  unknown  issues,  and  revision 
may  be  necessary  as  new  data  appear. 
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Laparoscopic  Management 
Endometriosis 


INTRODUCTION 

Endometriosis  is  a  progressive,  often  debilitating  disease, 
affecting  10  to  15  percent  of  women  during  their 
reproductive  years.  Among  gynecologic  disorder, 
endometriosis  is  surpassed  in  frequency  only  by  leiomyomas. 
Laparoscopy  and  the  surgical  laser  allowed  definitive 
treatment  following  diagnosis.  The  debate  continues  as  to 
whether  laparotomy  or  operative  laparoscopy  is  more 
effective  for  the  treatment  of  endometriosis. 

In  women  with  bowel  symptoms  such  as  dyschezia, 
tenesmus,  or  cyclic  rectal  bleeding  without  any  other 
pathology,  a  sigmoidoscopic  examination  should  be  done 
at  the  time  of  menstruation  to  rule  out  bowel  involvement 
of  endometrial  implant.  However,  many  women  do  not 
demonstrate  rectal  lesions,  but  at  the  time  of  laparoscopy 
significant  bowel  involvement  is  seen.  It  should  be 
remembered  that  a  negative  sigmoidoscopy  does  not  rule 
out  bowel  involvement  in  patients  of  endometriosis.  In 
patients  who  have  significant  rectovaginal  nodularity  on 
physical  examination,  a  preoperative  bowel  preparation  is 
necessary  and  antibiotics  are  administered  the  day  of 
surgery.  Gynecologist  should  also  consult  with  a  general 
surgeon  experienced  in  laparoscopic  bowel  resections.  A 
preoperative  ultrasound  can  assess  the  ovaries  for 
endometriomas.  Preoperative  hormonal  suppressive  therapy 
can  be  useful  in  decreasing  the  inflammation,  bleeding,  and 
possible  postoperative  adhesion  formation. 

The  goals  of  surgery  are  to  remove  all  implants,  resects 
adhesion,  relieve  pain,  and  reduce  the  risk  of  recurrence 
and  to  prevent  postoperative  adhesion  formation.  It  should 
also  restore  involved  organs  normal  anatomical  and 
physiological  condition.  In  case  of  infertility  restoration  of 
tubo -ovarian  relationship  is  essential  to  restore  fertility. 

Hysterectomy  and  bilateral  salpingo-oophorectomy  is 
definitive  treatment  of  endometriosis.  In  advanced  disease 
ovary  may  be  adhered  to  the  pelvic  side  wall.  Ovarian 


dissection  may  increase  the  risk  of  injury  to  the  ureter  and 
vessels  in  the  triangle  of  doom.  Retroperitoneal  approach  is 
helpful  in  these  cases  and  insures  complete  removal  of 
ovarian  tissue.  It  also  avoid  ovarian  remnant  syndrome. 

Bilateral  oophorectomy  must  be  performed  to  eliminate 
the  estrogen  that  sustains  and  stimulate  the  ectopic 
endometrium.  Following  hysterectomy  and  bilateral 
oophorectomy  patient  often  require  hormone  replacement 
therapy  (HRT).  Administering  the  minimal  effective  dose  of 
estrogen  is  some  time  associated  with  small  risk  of  recurrence. 
Hormone  replacement  therapy  (HRT)  should  begin 
postoperatively.  Patients  with  residual  disease  may  benefit 
from  receiving  progesterone  from  2  to  6  months  followed  by 
combined  progesterone  and  estrogen  for  additional  9  months. 

Conservative  surgery  is  indicated  for  women  who  desire 
pregnancy  and  whose  disease  is  responsible  for  the  symptom 
of  pain  and  infertility.  Surgery  improves  likelihood  of 
pregnancy  and  offers  pain  relief.  Twenty  five  percent  of 
patients  undergoing  conservative  operation  may  require 
subsequent  operation.  The  rate  of  surgery  directly  depends 
on  the  extent  of  disease.  Those  who  achieve  pregnancy  after 
surgery,  only  10  percent  require  another  operation. 
Conservative  operations  are  cytoreductive  and  recurrence 
of  symptom  most  likely  is  caused  by  the  progression  of 
existing  pathology  that  was  missed  during  laparoscopy. 

Complete  removal  of  endometriosis  is  difficult  because 
of  there  variability  in  appearance  and  visibility.  Powder  burn 
lesions  represent  foci  of  inactive  disease  containing  stroma 
and  gland  embedded  in  hemosiderin  deposit.  These  lesions 
are  more  common  in  older  lesion  and  sometime  without  any 
symptoms.  When  endometriosis  involve  uterosacral  ligament, 
they  are  palpable  as  tender  nodule  and  may  cause 
dysmenorrhea  and  dyspareunia.  Superficial  endometriosis 
is  treated  optimally  by  electrosurgical  fulguration  or  ablation. 
If  large  areas  of  peritoneum  are  involved  with  endometriosis 
or  if  a  woman  has  recurrent  endometriosis  in  an  area 
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previously  ablated  by  electrosurgery  or  laser,  it  may  be  better 
to  excise  that  entire  area  of  peritoneum  to  prevent  recurrence. 
Especially,  areas  with  scarring  or  fibrosis  should  be  excised 
carefully  because  there  may  be  endometriosis  beneath  them. 
One  concern  in  laser  ablation  or  excising  large  areas  of 
peritoneum  is  the  chance  of  adhesion  formation.  Animal 
studies  indicate  that  these  areas  are  reperitonealized  in  24  to 
48  hours  by  the  migration  of  surrounding  peritoneum  and 
that  adhesion  formation  is  low  after  laparoscopy.  However, 
the  surgeon  should  be  cautious  particularly  when  excising 
areas  of  peritoneum  which  are  opposed  by  pelvic  organs. 

Sometime  atypical  lesions  are  seen  as  clear  vesicle,  pink 
vascular  pattern,  white  scarred  lesion,  red  lesion,  yellow 
brown  patches  and  peritoneal  windows,  which  represent 
active  endometriosis  (Fig.  33. 1A).  These  lesions  secrete 
prostaglandin  into  the  peritoneal  fluid.  The  depth  of 
endometrial  implants  may  be  related  to  the  level  of  disease 
activity  and  symptoms.  The  peritoneum  must  be  examined 
from  all  the  angles  and  from  different  degree  of  illumination 
to  see  all  types  of  lesion.  The  peritoneal  folds  must  be 
stretched  and  search  for  small  and  atypical  lesions.  Normal 
appearing  ovaries  sometime  may  contain  endometriosis 
under  apparently  normal  cortex.  By  inserting  the  needle  in 
the  ovary  small  endometriosis  can  be  identified  by  seen  the 
color  of  aspirated  content. 

All  the  pelvic  organs  are  inspected  thoroughly.  In  15 
percent  of  cases  appendix  is  involved  and  so  it  should  be 
examined.  The  endometriosis  which  has  penetrated 
retroperitoneally,  several  centimeters  is  called  an  iceberg 
lesion.  It  can  be  detected  laparoscopically  by  palpating  areas 
of  the  pelvis  and  bowel  with  the  suction  irrigation  probe. 
With  the  forceps  or  probe  the  endometriotic  implant  are 
examined  and  their  size,  depth  and  proximity  to  normal 
pelvic  structure  is  evaluated. 


The  diagnostic  laparoscopy  may  turn  into  operative  one 
if  the  surgeon  has  consent.  The  operative  procedure  begins 
by  removing  adhesions  if  present  between  the  bowel  and 
pelvic  organs  to  adequately  expose  the  pelvic  cavity.  The 
ovaries  and  tube  may  be  adhered  with  cul-de-sac  or  pelvic 
sidewall.  These  organs  are  freed  from  adhesions  and 
chromotubated.  Endometrial  implants  and  endometriomas 
are  resected  or  vaporized,  and  if  the  patient  has  significant 
central  pelvic  pain,  uterosacral  nerve  ablation  or  presacral 
nerve  resection  is  performed. 

Lysis  of  Bowel  Adhesions 

Tubo-ovarian  mass  with  bowel  adhesion  is  common  finding 
in  extensive  endometriosis.  Bowel  adhesions  vary  in  thickness, 
vascularity,  and  cohesiveness.  Some  adhesions  are  stretched 
without  tearing  the  tissue  and  should  be  excised  with 
electrosurgery  at  the  points  of  attachment  to  the  pelvic  organs. 
Dense  adhesions  are  excised  either  with  scissors  or  the  ultrasonic 
dissector.  The  adhered  structures  requiring  separation  are  pulled 
apart  with  forcers  and  a  cleavage  plane  is  formed. 
Hydrodissection  is  useful  to  identify  and  develop  the  dissection 
plane,  which  is  ablated  or  excised,  using  dissecting  scissors. 

PERITONEAL  IMPLANTS 

At  the  time  of  treating  peritoneal  endometriosis,  the  implants 
should  be  destroyed  in  the  most  effective  and  least  traumatic 
manner  to  minimize  postoperative  adhesions  and  injury  to 
retroperitoneal  vessel  and  nerve.  Although  different 
modalities  have  been  used,  but  hydrodissection  and  high- 
power  fulguration  or  C02  laser  are  the  best  choices  for 
endometriosis  treatment  (Fig.  33. IB). 

Superficial  peritoneal  endometriosis  may  be  vaporized 
with  monopolar  or  bipolar  current,  or  excised.  Implants  less 


Figs  33.1  A  and  B:  Endometriosis 
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than  2  mm  are  coagulated,  vaporized,  or  excised.  As  lesions 
exceed  3  mm,  vaporization  or  excision  is  needed.  For  lesions 
greater  than  5  mm,  deep  vaporization  or  excisional 
techniques  are  required.  If  vaporization  is  chosen,  it  is 
important  to  copiously  irrigate  and  remove  the  charred  areas 
to  confirm  complete  removal  of  the  lesion  and  to  avoid 
confusing  endometriosis  with  a  carbon  deposit. 

RESECTION  OF  OVARIAN  ENDOMETRIOSIS 

The  ovaries  are  a  common  site  for  endometriosis.  Endometrial 
implants  or  endometriomas  less  than  2  cm  in  diameter  are 
coagulated;  laser  ablated,  or  excised  using  scissors,  biopsy 
forceps,  or  electrodes.  For  successful  eradication,  all  visible 
lesions  and  scars  must  be  removed  from  the  ovarian  surface. 
Entrapment  of  oocytes  within  the  luteinized  ovarian  follicle, 
as  reported  in  experimental  animal  models,  must  be  avoided. 
Endometriomas  more  than  2  cm  diameter  must  be  resected 
thoroughly  to  prevent  recurrence.  Draining  the  endo¬ 
metriomas  or  partial  resection  of  its  wall  is  inadequate  because 
the  endometrial  tissue  lining  the  cyst  is  likely  to  remain 
functional  and  can  cause  the  symptoms  to  recur  (Fig.  33.2). 

Many  gynecologists  like  to  perform  ovarian  cystoscopy 
and  biopsy  of  the  cyst  wall  before  ablating  the  cyst.  By  using 
a  double  optic  laparoscope,  which  involves  the  passage  of 
a  smaller  operative  endoscope  through  the  channel  of  the 
main  laparoscope,  the  ovarian  cyst  may  be  punctured, 
drained,  the  fluid  sent  for  cytology,  and  the  lining  of  inner 
cystic  wall  is  visually  inspected.  Once  it  confirmed  that  the 
cyst  is  not  malignant,  its  wall  is  ablated  to  a  depth  of  3  to  4 
mm  (Figs  33. 3 A  and  B). 

For  endometriomas  over  2  cm  in  diameter,  the  cyst  is 
punctured  with  aspiration  needle  and  aspirated  with  the 


suction-irrigator  probe.  Deroofing  of  cyst  wall  is  performed. 
The  cyst  wall  should  be  removed  by  grasping  its  base  with 
laparoscopic  forceps  and  peeling  it  from  the  ovarian  stroma. 
If  peeling  of  the  remaining  wall  is  not  possible  it  should  be 
ablated  using  electrosurgical  fulguration.  When  the  entire 
cyst  wall  is  ablated,  representative  biopsies  are  taken  for 
histological  diagnosis. 

Cyst  wall  closure  is  not  necessary,  according  to  animal 
experiments  for  large  defects  that  result  from  resecting 
endometriomas  larger  than  5  cm;  the  edges  of  the  ovarian 
cortex  are  approximated  with  a  single  suture  placed  within 


Fig.  33.2:  Chocolate  cyst 


Figs  33.3A  and  B:  Endometrioma,  deroofing  and  marsupialization 
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the  ovarian  stroma.  Fibrin  sealant  has  been  described  to 
atraumatically  approximate  the  edges  of  large  ovarian 
defects,  without  adhesion  formation.  Although  rare,  some 
patients  present  with  localized  symptoms  and  severe 
involvement  of  only  one  ovary  with  disease  and  adhesions 
while  the  opposite  ovary  is  normal.  These  patients  are 
benefited  by  unilateral  salpingo-oophorectomy.  By 
removing  the  diseased  ovary,  the  risk  of  disease  recurrence 
is  minimized,  and  the  fertility  potential  is  improved  by 
limiting  ovulation  to  the  healthy  side. 

GENITOURINARY  ENDOMETRIOSIS 

Ureteral  involvement  has  been  reported  in  1  to  11  percent 
of  women  diagnosed  with  endometriosis.  Endometriosis  of 
the  urinary  tract  generally  tends  to  be  superficial  but  can  be 
invasive  and  cause  complete  ureteral  obstruction. 

Decreased  bladder  capacity  and  stability  unre-sponsive 
to  conventional  therapy  may  result  from  endometriosis. 
When  bladder  symptoms  are  present  a  course  of  danazol 
may  be  tried  to  see  the  improvement  in  bladder  instability. 
Clinicians  should  consider  endometriosis  in  cases  of 
refractory  and  unexplained  urinary  complaints. 

If  urinary  tract  endometriosis  is  suspected,  a  complete 
preoperative  evaluation  is  performed,  including  an 
intravenous  pyelogram,  ultrasound  of  the  kidneys,  and 
routine  blood  and  urine  work-up.  In  selected  cases  of 
recurrent  hematuria,  cystoscopy  is  indicated.  Superficial 
implants  over  the  ureter  can  be  treated  by  a  variation  of 
hydrodissection.  Approximately  20  to  30  ml  of  Ringer’s 
lactate  is  injected  subperitoneally  on  the  lateral  pelvic  wall; 
this  elevates  the  peritoneum  and  backs  it  with  a  bed  of  fluid 
to  prevent  injury  at  the  time  of  fulguration.  The  peritoneum 
is  held  with  an  atraumatic  grasping  forceps  and  peeled  away 
with  the  help  of  suction  irrigation  probe.  Following 
hydrodissection  of  the  broad  ligaments  and  the  pelvic 
sidewall,  many  patients  develop  swelling  of  the  external 
genitalia,  most  likely  from  the  penetration  of  water  through 
the  inguinal  canal  to  the  labia  major.  This  swelling  resolves 
in  most  cases  within  1  to  2  hours  without  sequelae. 

The  incidence  of  ureteral  obstruction  by  endometriosis 
is  low,  and  conventional  therapy  previously  consisted  of 
laparotomy  followed  by  resection  of  the  obstructed  segment 
of  the  ureter.  Laparoscopic  ureteroureterostomy  can  be 
performed  under  direct  laparoscopic  observation. 

The  bladder  wall  is  one  of  the  sites  least  frequently 
involved  with  endometriosis.  If  the  lesions  are  superficial, 
hydrodissection  and  vaporization  are  adequate  for  removal. 
Using  hydrodissection,  the  areolar  tissue  between  the  serosa 
and  muscularis  beneath  the  implants  is  dissected.  The  lesion 
is  circumcised  with  the  laser  and  fluid  is  injected  into  the 
resulting  defect.  The  lesion  is  grasped  with  forceps  and 


dissected  with  the  help  of  either  sharp  or  electrosurgical 
dissection.  Traction  allows  the  small  blood  vessels  supplying 
the  surrounding  tissue  to  be  coagulated  as  the  lesion  is 
resected.  Frequent  irrigation  is  necessary  to  remove  char, 
ascertain  the  depth  of  vaporization,  and  ensure  that  the 
lesion  does  not  involve  the  muscularis  and  the  mucosa. 

Endometriosis  extending  to  the  muscularis  but  without 
mucosal  involvement  can  be  treated  laparoscopically  and 
any  residual  or  deeper  lesions  may  be  treated  successfully 
with  postoperative  hormonal  therapy.  When  endometriosis 
involves  full  bladder  wall  thickness,  the  lesion  is  excised  and 
the  bladder  may  be  reconstructed  laparoscopically. 

GASTROINTESTINAL  ENDOMETRIOSIS 

Gastrointestinal  endometriosis  is  believed  to  be  involved  in  3 
to  37  percent  of  women  suffering  from  endometriosis. 
Endometriosis  can  involve  rectovaginal  septum,  rectosigmoid 
colon,  between  the  small  intestine  and  anal  canal.  The 
symptoms  are  lower  abdominal  pain,  back  ache, 
dysmenorrhea,  dyspareunia,  diarrhea,  constipation  and 
tenesmus.  Occasionally  rectal  bleeding  is  also  noticed. 
Typically  these  symptoms  occur  cyclically  at  or  about  the  time 
of  menstruation.  Surgical  intervention  is  necessary  to  dissect 
and  resect  the  infiltrating  bowel  endometriosis.  Intestinal 
endometriosis  involves  the  rectum  and  sigmoid  colon  in  76 
percent  of  cases,  the  appendix  in  18  percent  and  the  cecum 
in  5  percent.  Appendiceal  lesion  requires  appendectomy.  In 
cases  of  severe  disease  of  bowel  wall,  resection  and 
anastomosis  is  done  laparoscopically.  In  cases  of  cul-de-sac 
endometriosis,  because  ureter  is  lateral  to  the  uterosacral 
ligament,  surgeons  should  try  to  separate  between  them.  If 
the  dissection  is  extended  lateral  to  the  uterosacral  ligament 
the  ipsilateral  ureter  should  be  identified  by  opening  the 
overlying  peritoneum  and  stressing  it  to  the  area  of  the  lesion. 
The  ureter,  uterine  artery  and  vein  should  be  identified  and 
bipolar  forceps  or  titanium  clips  must  be  used  if  bleeding  starts. 

DIAPHRAGMATIC  ENDOMETRIOSIS 

Endometriosis  sometime  affect  diaphragm  also.  In  these 
cases  pleuritic  shoulder  or  upper  abdominal  pain  is  present 
at  the  time  of  menses.  Laparoscopy  is  an  excellent  modality 
to  diagnose  and  treat  diaphragmatic  endometriosis.  Follow¬ 
up  medical  treatment  is  necessary  because  extensive  surgery 
can  rupture  the  diaphragm.  Bilateral  oophorectomy  is 
promising  and  further  intervention  may  not  be  necessary. 
Three  cannulas  are  required  in  the  upper  quadrant  according 
to  the  site  of  lesion  on  diaphragm.  Liver  retractor  is  used  by 
one  port  and  lesions  are  removed  using  hydrodissection 
and  vaporization  or  excision.  If  injury  to  diaphragm  happens 
it  should  be  repaired  with  a  4-0  PDS.  Cardiopulmonary 
resuscitation  may  be  necessary  after  surgery. 
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Laparoscopic  Hysterectomy 


Benign  uterine  diseases  of  uterus  are  very  common  and  need 
hysterectomy  and  laparotomy.  Most  of  these  diseases  can 
be  performed  laparoscopically.  Laparoscopic  assisted  vaginal 
hysterectomy  is  increasingly  becoming  popular.  Many 
women  come  to  the  doctor  and  say  they  want  a  “laser” 
hysterectomy.  What  they  usually  mean  is  a  laparoscopically 
assisted  vaginal  hysterectomy  or  LAVH.  Laparoscopically 
assisted  vaginal  hysterectomy  (LAVH)  is  a  procedure  using 
laparoscopic  surgical  techniques  and  instruments  to  remove 
the  uterus  and/or  tubes  and  ovaries  through  the  vagina.  The 
technique  used  to  use  lasers  but  now  lasers  have  been  mostly 
replaced  by  surgical  clips,  cautery  or  suturing.  First 
laparoscopic  hysterectomy  was  done  by  Reich  et  al  in  1989. 
It  is  a  technique  made  to  replace  abdominal  hysterectomy. 

LAPAROSCOPIC  ANATOMY  OF  UTERUS 

The  normal  nulliparous  uterus  is  approximately  8  cm  in 
length  and  angled  forward  so  the  fundus  lies  over  the 
posterior  surface  of  the  bladder.  Uterus  is  all  around  covered 
with  peritoneum  except  where  the  bladder  touches  the  lower 
uterine  segment  at  the  anterior  cul-de-sac  and  laterally  at 
the  broad  ligament  (Fig.  34.1). 

Two  important  arteries,  uterine  and  ovarian  are  of  great 
significance  in  uterine  surgery.  The  uterine  arise  from  the 
internal  iliac.  They  pass  medially  on  the  levator  ani  muscle, 
cross  the  ureter  and  ultimately  divide  into  ascending  and 
descending  branch.  The  uterine  artery  runs  in  a  tortuous 
course  within  the  broad  ligaments.  The  uterine  arteries 
ascending  branch  terminates  by  anatomizing  with  the 
ovarian  artery. 

From  anterior  to  posterior,  following  important  tubular 
structures  are  found  crossing  the  brim  of  true  pelvis:  The 
round  ligament  of  the  uterus,  the  infundibulopelvic  ligament, 
which  contains  the  gonadal  vessels  and  the  ureter.  The 
ovaries  and  fallopian  tube  are  found  between  the  round 
ligament  and  the  infundibulopelvic  ligament  (Fig.  34.2). 


The  ovarian  ligaments  run  from  the  ovaries  to  the  lateral 
border  of  the  uterus.  Ovary  is  attached  to  the  pelvic  side  wall 
with  infundibulopelvic  ligament,  which  carries  ovarian  artery. 
One  of  the  common  mistakes  is  injury  of  the  ureter  during 
dissection  of  the  infundibulopelvic  ligament.  If  the  uterus  is 
deviated  to  the  contralateral  side  with  the  help  of  uterine 
manipulator  infundibulopelvic  ligament  is  spread  out  and  a 
pelvic  side  wall  triangle  is  created.  The  base  of  this  triangle  is 
the  round  ligament,  the  medial  side  is  the  infundibulopelvic 
ligament,  and  the  lateral  side  is  the  external  iliac  artery.  The 
apex  of  this  triangle  is  the  point  at  which  the  infundibulopelvic 
ligament  crosses  the  external  iliac  artery.  The  ureter  always 
enters  medial  to  this  triangle  into  the  pelvis.  It  is  visible  under 
the  peritoneum  overlying  the  external  iliac  artery. 


Fig.  34.1:  Anatomy  of  uterus.  (1)  Umbilical  artery;  (2)  Ureter; 
(3)  Uterine  artery;  (4)  Internal  iliac  artery;  (5)  Ovarian  artery; 
(6)  Common  iliac  artery;  (7)  Uterosacral  ligament 
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Fig.  34.2:  Position  of  uterus.  (1)  Uterus;  (2)  Round  ligament; 

(3)  Utero-ovarian  ligament  (proper  ovarian  ligament); 

(4)  Uterosacral  ligament;  (5)  Ovary;  (6)  Suspensory  ligament  of  the 
ovary;  (7)  Ureter 

The  ureters  enter  the  pelvis  in  close  proximity  to  the 
female  pelvic  organ  and  are  at  risk  for  injury  during 
laparoscopic  surgery  of  these  organs.  As  the  ureter  course 
medially  over  the  bifurcation  of  the  iliac  vessels,  they  pass 
obliquely  under  the  ovarian  vessels  and  then  run  in  close 
proximity  to  the  uterine  artery. 

Laparoscopy  hysterectomy  needs  careful  identification 
of  ureter  with  some  dissection  of  retroperitoneum.  An  incision 
is  made  in  the  peritoneum  overlying  the  pelvic  side  wall 
triangle  between  the  fallopian  tube  and  iliac  vessel. 

Pelvic  lymph  node  dissection  is  also  necessary  if 
gynecologist  plan  to  perform  radical  laparoscopic 
hysterectomy.  Node  dissection  as  far  distal  as  Cloquet’s  node 
in  the  femoral  triangle  may  be  included  and  proximally 
dissection  may  be  necessary  up  to  para-aortic  lymph  node. 

Indications  of  Laparoscopically  Assisted 
Vaginal  Hysterectomy 

Indications  of  Laparoscopically  Assisted  Vaginal 
Hysterectomy  (LAVH)  are  traditionally  contraindications  of 
vaginal  hysterectomy. 

Indications  include: 

•  Previous  pelvic  surgery 

•  Endometriosis 

•  Previous  CS 

•  Pelvic  pain 

•  Suspected  adnexal  pathology 

•  Uterine  myoma 


•  Ectopic  pregnancy 

•  Acute  or  chronic  pelvic  inflammatory  disease 

•  Minimum  uterine  mobility  and  limited  vaginal  access. 

If  a  vaginal  hysterectomy  can  be  performed  in  the  first  place, 

there  would  be  no  point  in  adding  the  costs  and  complications 
of  laparoscopy.  Its  greatest  benefit  is  the  potential  to  convert 
what  would  have  been  an  abdominal  hysterectomy  into  a 
vaginal  hysterectomy.  An  abdominal  hysterectomy  requires 
both  a  vaginal  incision  and  a  four  to  six  inch  long  incision  in  the 
abdomen,  which  is  associated  with  greater  postoperative 
discomfort  and  a  longer  recovery  period  than  for  a  vaginal 
procedure.  Another  advantage  of  the  LAVH  may  be  the 
removal  of  the  tubes  and  ovaries  which  on  occasion  may  not 
be  easily  removed  with  a  vaginal  hysterectomy. 

The  most  common  medical  reasons  for  performing 
hysterectomies  include  uterine  fibroids  (30%),  abnormal 
uterine  bleeding  (20%),  endometriosis  (20%),  genital 
prolapse  (15%)  and  chronic  pelvic  pain  (10%).  For  most  of 
these  conditions,  other  treatments  should  first  be  considered, 
and  hysterectomy  should  be  reserved  as  a  last  resort. 

Laparoscopically  assisted  vaginal  hysterectomy  (LAVH) 
result  in  a  significantly  shorter  hospital  stay,  with  a  much 
more  rapid  return  to  normal  activities,  than  total  laparoscopic 
hysterectomy.  The  drug  requirement  to  control  pain  and 
the  level  of  pain  patients  experienced  were  also  significantly 
less.  Blood  loss  was  not  different  for  the  two  procedures 
(Tables  34.1  and  34.2). 

Postoperative  recovery  times  and  pain  levels  were 
assessed  in  37  patients  with  a  primary  complaint  of  pelvic 
pain  and  diagnoses  of  fibroid  uterus,  adenomyosis,  and 
severe  endometriosis  who  underwent  LAVH.  Women 
reported  an  activity  level  of  8.7  on  a  scale  of  1  to  10  (10  no 
limits  on  activity)  by  postoperative  day  14.  In  another  study, 
those  undergoing  abdominal  hysterectomy  had  a  mean 
uterine  weight  of  418  g  compared  with  150  g  for  those 
undergoing  LAVH.  The  hospital  stay  after  abdominal 
hysterectomy  was  4.5  days  and  after  LAVH  2.5  days.  An 
important  public  policy  issue  now  confronts  us.  As  it  is 
currently  performed,  LAVH  is  more  expensive  than  TAH. 
The  issue  is  whether  the  benefits  of  shorter  convalescence 
and  faster  return  to  the  work  force,  shorter  hospitalization, 
and  less  need  for  narcotics  for  postoperative  pain  outweigh 
the  disadvantage  of  the  higher  cost.  If  total  health  care  system 
costs  are  evaluated,  the  short-term  disability  costs  of  2  weeks 
of  recovery  after  laparoscopic  hysterectomy  should  be 
compared  with  disability  costs  of  6  to  8  weeks  of  recovery 
after  abdominal  hysterectomy. 

For  LAVH  to  be  economically  viable  compared  with 
TAH,  savings  in  disability  costs  and  the  increased 
contribution  to  the  gross  domestic  product  must  offset  the 
increased  health  care  costs.  In  the  current  system,  insurance 
companies  and  hospitals  do  not  share  in  these  benefits,  only 
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Table  34.1:  Postoperative  pain  levels 


Day 

LAVH  (n  =  19) 

TAH  (n=  19) 

P 

1 

6.6 

6.4 

NS 

3 

4.4 

4.3 

NS 

7 

2.8 

3.6 

S 

14 

1.6 

2.4 

S 

21 

1.46 

1.8 

S 

Week  6 

1.35 

1.4 

NS 

Wilcoxon’s  signed-rank  test. 

Ten-point  activity  scale:  1  =  no  pain,  1 0  =  unbearable  pain. 

S  =  significant  at  p  <  0.005;  NS  = 

not  significant  at  p  <0.01 

Table  34.2:  Postoperative  activity  levels 

Day 

LAVH  (n  =  19) 

TAH  (n=  19) 

P 

1 

3.4 

3.3 

NS 

3 

5.4 

4.4 

NS 

7 

7.8 

5.8 

S 

14 

9.2 

6.4 

S 

21 

9.6 

7.9 

S 

Week  6 

9.95 

8.5 

S 

Wilcoxon’s  signed-rank  test. 

Ten-point  activity  scale:  1  =  extremely  limited  activity,  10  =  no 
limits  on  activity 

S  =  significant  at  p  <  0.005;  NS  =  not  significant  at  p  <0.01 


the  costs.  The  economic  impact  of  laparoscopic  surgery  must 
take  into  account  both  the  cost  to  the  hospital  and  insurance 
payers  and  these  productivity  and  social  issues.  Insurance  is 
based  on  a  risk  pool  whereby  the  cost  of  a  premium  is  based 
on  the  cost  of  treatment,  not  the  ability  of  the  subscriber  to 
return  to  work.  An  economic  and  social  cost-benefit  analysis 
must  be  performed  before  decisions  are  made  to  modify  or 
judge  a  procedure  that  provides  substantial  benefits  to  the 
patient. 

Since  its  introduction  in  1989,  continued  improvement 
of  techniques  will  likely  progress  rapidly  so  that  LAVH  will 
be  performed  on  an  outpatient  basis  for  many  women,  and 
will  result  in  shorter  recovery  time.  Thus,  the  increased 
operating  room  time  of  approximately  46  minutes  is 
significantly  outweighed  by  the  benefits  available  with 
widespread  application  of  this  procedure. 

CLASSIFICATION 

Garry  and  Reich  Classification 

•  Type  1  Diagnostic  lap  +  VH 

•  Type  2  lap  vault  suspension  after  VH 

•  Type  3  LAVH 


•  Type  4  LH  (lap  ligation  of  uterine  artery) 

•  Type  5  TLH 

•  Type  6  LSH  (lap  supracervical  hysterectomy) 

•  Type  7  LHL  (lap  hysterectomy  with  lymphadenectomy) 

•  Type  8  LHL  +  O  (as  above  +  omentectomy) 

•  Type  9  RLH  (radical  lap  hysterectomy) 

Preoperative  Measures 

Patients  are  evaluated  same  as  that  of  any  major  surgery. 
Routine  preoperative  test  include  a  complete  blood  count 
with  differential,  serum  electrolyte,  bleeding  time  and 
urinalysis.  More  comprehensive  blood  studies  include 
thrombin  time,  partial  thrombin  time,  ECG,  chest  X-ray  and 
endometrial  biopsy.  Mechanical  and  antibiotic  bowel 
preparation  is  advised.  Peglac  powder  1  sachet  with  water  a 
night  prior  to  surgery  is  advised. 

Patient  Position 

Patient  should  be  in  steep  Trendelenburg’s  and  lithotomy 
position.  One  assistant  should  remain  between  the  legs  of 
patient  to  do  uterine  manipulation  whenever  required 
(Fig.  34.3). 

Position  of  Surgical  Team  (Fig.  34.4) 

Surgeon  stand  left  to  the  patient,  camera  assistant  should 
be  left  to  the  surgeon.  Second  assistant  should  be  the 
opposite  side  of  the  body  of  patient.  One  more  assistant  is 
required  between  the  legs  to  handle  uterine  manipulator. 

Port  Position 

A  10  mm  umbilical  port  for  camera  should  be  along  the 
inferior  crease.  Two  5  mm  ports  should  be  placed  at  5  cm 
away  from  umbilicus  on  either  side.  Sometime,  accessory 
port  at  right  or  left  iliac  region  may  be  needed  according  to 
need. 

Port  position  should  be  in  accordance  with  baseball 
diamond  concept.  If  the  left  side  of  tube  has  to  be  operated, 
one  port  should  be  in  right  iliac  fossa  and  another  below  left 
hypochondrium  (Fig.  34.5). 

Operative  Technique 

It  is  important  throughout  the  procedure  to  be  able  to 
manipulate  the  uterus  for  optimal  observation.  Different  types 
of  uterine  manipulators  are  available.  Depending  on  the 
laparoscopic  procedure,  digital  examination,  probes,  and 
sponge  stick  applicators  are  used  in  the  cul-de-sac  for 
identification  of  structures  during  laparoscopy.  The  direction 
and  location  of  both  ureters  should  be  identified  as  much  as 
possible  (Fig.  34.6). 
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Fig.  34.3:  Pervaginal  examination  should  be  routine 


Fig.  34.4:  Surgical  team  position  in  LAVH 


If  adnexectomy  is  planned,  following  electrodesiccation 
and  cutting  of  the  round  ligaments,  2  to  3  cm  of  the  uterus, 
the  infundibulopelvic  ligament  is  desiccated  and  cut,  taking 
progressive  bites  of  tissue  starting  at  pelvic  brim  and  moving 
towards  the  round  ligament.  If  endoscopic  linear  stapler  is 
used  the  adnexae  is  grasped  with  forceps,  it  is  retracted 
medially  and  caudally  to  stretch  and  outline  the  infundi¬ 
bulopelvic  ligament,  which  is  grasped  and  secured  with  the 
stapler.  Stapler  is  not  fired  until  the  contained  tissue  is 
identified  and  the  ureter  safety  is  confirmed.  Once  transected 
the  staple  line  should  be  examined  closely  for  any  possible 
injury  and  hemostasis.  Following  infundibulopelvic  ligament 
transaction  the  adnexae  and  uterine  fundus  are  retracted  in 
the  opposite  direction  and  the  tissue  of  the  upper  broad 
ligament,  including  the  round  ligament,  is  grasped,  secured 
and  cut. 

The  multifire  GIA  stapler  can  clamp  and  cut  tissue 
efficiently.  The  device  places  six  rows  of  small  titanium  staples 
and  cuts  the  tissue  in  between,  leaving  three  rows  of  staples 
on  either  side  of  the  transected  pedicle.  This  device  leaves 
essentially  bloodless  pedicles.  However,  the  instrument  is 
disposable  and  expensive  (Figs  34. 7A  and  B). 

If  the  adnexae  is  planned  to  preserve,  the  round  ligament 
is  desiccated  and  cut  approximately  2  cm  from  the  uterus. 
The  anterior  leaf  of  the  broad  ligament  is  opened  towards 
the  vesicouterine  fold  and  bladder  flap  is  developed.  The 
anterior  leaf  of  the  broad  ligament  is  grasped  with  forceps, 
elevated  and  dissected  from  the  anterior  lower  uterine 
segment.  The  utero-ovarian  ligament  proximal  tube  and 
mesosalpinx  are  progressively  dissected  and  cut  and 
posterior  leaf  of  the  broad  ligament  is  opened.  Similarly, 
the  round  ligament  fallopian  tube  and  utero-ovarian  ligament 
are  grasped  closed  to  their  insertion  into  the  uterus  with 
endoscopic  linear  stapler,  then  secured  stapled  and  cut.  The 


Port  for  laparoscope 

Left  instrument  port 


Fig.  34.6:  Laparoscopically  assisted  vaginal  hysterectomy 
(LAVH)  using  bipolar 


distal  end  of  the  stapler  or  bipolar  forceps  must  be  kept  free 
of  the  bladder  and  ureter  (Fig.  34.8). 

The  uterovesical  junction  is  identified,  grasped,  and 
elevated  with  forceps  while  being  cut  with  scissors.  The 
bladder  pillars  are  identified  desiccated  and  cut.  The  bladder 
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Fig.  34.8:  Dissection  of  bladder  peritoneum 


can  be  completely  freed  from  the  uterus  by  pushing 
downward  with  the  tip  of  a  blunt  probe  along  the 
vesicocervical  plane  until  the  anterior  cul-de-sac  is  exposed 
completely.  In  patients  with  severe  anterior  cul-de-sac 
endometriosis,  previous  CS  or  adhesions,  sharp  dissection 
can  be  performed.  Injecting  5  ml  of  indigo  caramine  in  the 
patient’s  bladder  helps  to  detect  bladder  trauma. 

After  dissecting  the  bladder  from  the  uterus,  the  uterine 
vessels  are  identified  desiccated  and  cut  to  free  the  lateral 
border  of  uterus  (Figs  34.9A  to  D).  If  sutures,  clips  or  linear 
staplers  are  used,  it  is  important  to  fully  skeletonize  the  vessel. 
As  the  uterine  vessel  are  grasped  and  cut,  safety  and  position 
of  the  ureter  should  be  checked.  Ureter  injury  can  be 
completely  nullified  if  ureteric  catheter  is  introduced  before 
the  procedure.  Cardinal  ligament  dissection  must  be 
carefully  done  as  ureter  and  uterine  artery  falls  just  lateral  to 
that.  The  linear  stapler  can  be  used  only  if  the  parametrium 
has  been  dissected  with  the  ample  margins.  Once  the  ureter 


is  displaced  laterally,  the  cardinal  ligament  tissue  closest  to 
the  cervix  is  electrodesiccated  and  transacted.  Alternatively, 
the  linear  stapler  can  be  applied  both  on  the  uterine  vessels 
and  cardinal  ligament  (Figs  34.10  and  34.11). 

Colpotomy 

A  folded  gauze  in  sponge  forceps  is  used  to  mark  the  fornix. 
The  vaginal  wall  is  tented  and  transacted  horizontally  with 
hook  electrode  (Figs  34.12A  to  C). 

Once  the  dissection  is  extended  to  the  lower  uterine 
segment  or  to  the  level  of  cardinal  ligament,  laparoscopic 
portion  is  temporarily  terminated.  Three  vaginally  speculum 
is  used  to  get  proper  access  for  vaginal  part  of  LAVH  (Figs 
34.13A  to  D).  Once  the  uterus  is  removed,  the  vaginal  vault 
is  closed  to  ensure  support  of  the  vault;  the  vaginal  angles 
are  attached  to  the  uterosacral  and  cardinal  ligaments  with 
2-0  vicryl  (Figs  34.14A  and  B).  Any  co-existing  cystocele  or 
rectocele  is  repaired.  A  very  large  fibroid  uterus  should  be 
debulked  by  morcellation  for  removal  vaginally. 
It  can  be  combined  with  laparoscopic  adnexal  surgery,  e.g. 
ovariectomy  or  adhesiolysis.  Once  the  vaginal  surgery  is 
completed  again  laparoscopic  inspection  of  the  pelvis  is 
done. 

Total  Laparoscopic  Hysterectomy 

Total  laparoscopic  hysterectomy  requires  vaginal  seal  to 
prevent  gas  leak.  Two  4x4  inch  wet  sponges  in  the  gloves 
can  be  used  to  insert  into  the  vagina  to  prevent  loss  of 
pneumoperitoneum.  By  applying  contralateral  retraction  to 
the  uterus,  vaginal  wall  surrounding  the  cervix  is  outlined, 
coagulated  with  the  unipolar  scissors  or  bipolar  forceps  and 
cut  circumferentially  until  the  cervix  is  separated.  Specimen 
is  pulled  to  mid  vagina  but  not  removed  to  preserve 
pneumoperitoneum.  Vaginal  vault  is  irrigated  and  inspected 
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Figs  34.9A  to  D:  Successive  clamping  and  desiccation  of  uterine  pedical  through  the  vaginal  route;  (A)  Valsaleum  holding  cervix; 
(B)  Application  of  ligaSure  clamp  over  left  uterosacral;  (C)  Application  of  ligaSure  over  the  right  uterine  stump;  (D)  Application  of 
ligaSure  over  the  left  uterine  stump 


Fig.  34.10:  Opening  of  anterior  and  posterior  leaf  broad  ligament 


Fig.  34.1 1 :  Separation  of  bladder 
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Figs  34.1 2A  to  C:  Steps  of  colpotomy 


Figs  34.1 3A  to  D:  Anterior  and  posterior  colpotomy 


for  any  active  bleeding.  Once  hemostasis  is  achieved,  vaginal 
angles  are  sutured  to  the  adjacent  cardinal  and  uterosacral 
ligaments.  Care  is  taken  to  avoid  the  ureter.  Rest  of  the 
vaginal  cuff  is  closed  using  intracorporeal  knotting.  Bipolar 
is  used  cautiously  at  the  vaginal  cuff  to  prevent  tissue  necrosis 


and  subsequent  wound  breakdown  if  the  sutures  replaced 
in  non-viable  tissue. 

The  hysterectomy  can  be  performed  laparoscopically  up 
to  the  uterine  size  of  26  weeks.  These  patients  must  have 
adequate  hemoglobin  and  hematocrit.  The  GnRH  analog 


Figs  34.1 4A  and  B:  Closure  of  vault  by  extracorporeal  knot 


should  be  given  if  the  uterus  is  more  than  18  weeks 
gestational  size.  According  to  baseball  diamond  concept  the 
telescopic  port  should  be  placed  between  umbilicus  and 
xiphoid  in  the  patient  whose  uterus  is  more  that  18  weeks 
size.  The  secondary  ports  should  also  be  placed  higher  than 
usual. 

Big  uterus  with  multiple  myomas  is  difficult  to  manipulate. 
Sometimes,  4  to  5  port  may  be  necessary  to  handle  this 
uterus.  Anatomy  is  distorted  and  ureteral  dissection  may  be 
necessary  in  these  cases. 

Subtotal  Hysterectomy 

Supracervical  hysterectomy  is  performed  to  preserve  libido 
of  patient.  The  procedure  is  performed  fully  laparoscopically. 
After  desiccating  and  cutting  the  uterine  vessels  at  the  level 
of  cardinal  ligaments  above  the  uterosacral  ligament,  uterus 
is  retracted  and  its  lower  segment  is  amputated  with  the 
scissors  and  unipolar  cutting  current.  After  transecting  the 
uterus  from  the  cervix,  uterine  manipulator  is  removed 
vaginally,  the  cervical  stump  is  irrigated  and  hemostasis  is 
achieved.  The  endocervical  epithelium,  lining  the  cervical 
canal  is  vaporized  or  coagulated  with  laser  or  electrosurgery. 
The  rest  of  the  endocervical  canal  is  ablated  vaginally  to 
reduce  the  risk  of  intraepithelial  cervical  neoplasia.  The 
cervical  stump  is  closed  with  interrupted  absorbable  sutures 
and  covered  with  peritoneum,  which  is  stitched  transversely 
with  interrupted  sutures.  The  dissected  uterus  is  morcellated 
and  removes  through  a  10  mm  cannula.  Mini-laparotomy 
or  posterior  colpotomy  can  also  be  performed  to  remove 
the  uterus  in  case  of  subtotal  hysterectomy.  These  patients 
are  advised  to  annual  examination  for  Pap  smear. 


Ending  the  Procedure 

One  of  the  benefits  of  LAVH  or  TLH  over  NDVH  is  inspection 
of  pedicles  at  the  end  of  surgery.  The  vaginal  cuff  can  be 
closed  from  below  or  above  but  after  that 
pneumoperitoneum  is  again  restored  to  see  the  pelvic  and 
abdominal  cavity.  Irrigation  and  suction  should  be 
performed.  In  case  of  any  residual  bleeding  it  can  be 
controlled  laparoscopically.  At  the  end  pelvis  is  filled  with 
300  ml  Ringer’s  lactate  and  it  should  be  seen  for  change  in 
color.  Once  inspection  is  satisfying  the  fluid  is  sucked  and 
instrument  and  cannula  is  removed  after  deflating  the 
abdominal  cavity. 

It  has  been  demonstrated  that  TLH  and  LAVH  are 
associated  with  a  shorter  hospital  stay  and  patients  require 
less  pain  medication  compared  to  TAH.  LAVH  can  replace 
most  of  the  abdominal  hysterectomy  for  the  benign  disease 
of  uterus  and  with  the  technology  available  today  it  has 
definite  benefit  over  non-descended  vaginal  hysterectomy. 

DISCUSSION 

Vaginal  hysterectomy  is  part  of  repertoire  of  every  trained 
gynecologist.  It  is  considered  as  a  feasible  option  to 
abdominal  hysterectomy  and  many  studies  have  shown  that 
vaginal  hysterectomy  has  fewer  complications,  short 
recovery,  and  hospital  stay  than  laparotomy.  Laparoscopic 
hysterectomy  requires  greater  surgical  expertise  and  has  a 
steep  learning  curve.  Randomized  trials  have  shown 
advantages  of  laparoscopy  versus  laparotomy,  including 
reduced  postoperative  pain,  shorter  hospitalization,  rapid 
recovery  and  substantial  financial  benefits  to  society.  The 
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objective  of  performing  hysterectomy  laparoscopically  can 
be  achieved  but  the  question  is  does  this  offer  any  advantage 
over  vaginal  route.  Every  mode  of  hysterectomy  has 
advantages  and  disadvantages  but  the  indications  for  each 
remain  controversial.  Good  surgical  practice  is  when  the 
indication  for  hysterectomy  is  considered  as  the  primary 
criterion  for  selecting  the  route  of  hysterectomy  and  not 
factors  such  as  surgeon’s  choice  and  experience.  A  major 
determinant  of  the  route  of  hysterectomy  is  not  the  clinical 
situation  but  the  attitude  of  the  surgeon.  There  is  no  need 
for  extra  training  and  special  skills  or  complicated  equipment 
for  vaginal  hysterectomy. 

Laparoscopic  hysterectomy  took  a  long  time  to  perform 
in  all  studies.  However  with  increasing  weight  of  the  uterus, 
there  was  a  linear  increase  in  operating  time  and  blood  loss 
in  hysterectomy  performed  vaginally  which  was  not  observed 
in  laparoscopic  assisted  vaginal  hysterectomy.  There  is  no 
statistically  significant  difference  in  postoperative  analgesia 
requirement,  hospital  stay,  recovery  milestones  or 
complication  rates.  The  biggest  drawback  of  laparoscopic 
route  over  vaginal  one  is  its  cost  due  to  expensive  disposable 
instruments,  prolonged  operating  and  anesthesia  time  and 
the  need  for  a  trained  senior  gynecologist.  For  laparoscopic 
assisted  vaginal  hysterectomy  to  be  cost  effective  expensive 
disposable  instruments  have  to  be  eliminated. 

Laparoscopic  surgeons  argue  that  subtotal  hysterectomy 
can  be  performed  laparoscopically  but  most  randomized 
trials  have  failed  to  demonstrate  any  benefit  of  subtotal 
hysterectomy  over  total  hysterectomy.  In  women  who  wish 
to  retain  their  cervix  vaginal  subtotal  hysterectomy  described 
by  Doderlein  Kronig  technique  can  be  performed.  The 
disadvantage  of  vaginal  approach  is  vault  hematomas.  The 
abdominal  approach  to  hysterectomy  does  ensure  good 
hemostasis  under  direct  vision,  while  during  the  vaginal 
operation,  the  vault  is  closed  and  subsequent  bleeding  from 
the  vagina  between  the  mucosa  and  the  peritoneum  can 
give  rise  to  problems,  especially  if  a  vasoconstrictor  has  been 
given  that  subsequently  wears  off.  Laparoscopic  approach 
can  help  check  hemostasis  and  reduce  the  incidence  of  vault 
hematomas.  However;  this  aspect  needs  to  be  evaluated  in 
studies. 

Lack  of  uterine  descent  and  nulliparity,  fibroid  uterus, 
need  for  oophorectomy,  previous  pelvic  surgery  are  no  more 
considered  as  contraindications  to  the  vaginal  route.  With 
adequate  vaginal  access  and  technical  skill,  and  good  uterine 
mobility,  vaginal  hysterectomy  can  easily  be  achieved 
Multiparity,  lax  tissues  due  to  poor  involution  following 
multiple  deliveries  and  lesser  tissue  tensile  strength  afford  a 
lot  of  comfort  to  vaginal  surgeon  even  in  the  presence  of 
significant  uterine  enlargement.  No  evidence  supports  the 
use  of  laparoscopic  hysterectomy  rather  than  VH  if  latter 


can  be  performed  safely.  No  outcomes  are  significantly  worse 
for  vaginal  hysterectomy  compared  to  LAVH.  There  are 
clinical  situations  where  vaginal  surgeries  is  not  appropriate 
such  as  dense  pelvic  adhesions,  severe  endometriosis 
adnexal  disease,  when  vaginal  access  is  reduced  when 
laparoscopic  hysterectomy  is  indicated  as  it  has  advantages 
over  the  abdominal  approach.  Laparoscopic  approach  may 
be  helpful  postoperatively  to  rule  out  hemorrhage  in  some 
cases.  Laparoscopic  assistance  should  not  be  used  to 
supplant  inadequate  skills  of  vaginal  hysterectomy. 

Lack  of  training  in  vaginal  surgery  is  not  a  reason  for  not 
removing  uteri  vaginally.  The  learning  curve  of  VH  is  very 
short  compared  to  laparoscopic  surgery,  however,  the 
current  scenario  in  residency  programs  is  not  providing  a 
level  of  surgical  competency  in  performing  difficult  vaginal 
hysterectomies.  There  is  a  need  to  improve  this  training. 

In  order  to  compare  the  complication  rates  of  different 
types  of  hysterectomies,  considering  an  incidence  of  4  to  5 
percent  of  serious  complications  of  hysterectomies  1460 
women  would  be  required  in  each  arm  of  the  study  to  detect 
50  percent  increase  in  the  complication  rate.  Therefore, 
larger  randomized  controlled  trials  are  required  to  compare 
different  types  of  hysterectomies. 

When  the  size  of  the  uterus  is  greater  than  16  weeks 
gestation  there  is  an  increase  in  the  operative  time  and  blood 
loss  in  VH  compared  to  LAVH  which  is  statistically  significant. 

Laparoscopically  assisted  vaginal  hysterectomy  is  a  useful 
adjunct  to  transvaginal  hysterectomy  for  lysis  of  extensive 
adhesions  and  sometimes  for  certain  concomitant  adnexal 
surgery.  Besides,  LAVH  can  also  secure  almost  all  the  main 
blood  supplies  to  the  uterus,  i.e.  the  uterine  vessels  and  the 
adnexal  collaterals.  Although,  a  skilled  surgeon  can  do 
transvaginal  hysterectomy  with  a  larger  uterus  by  employing 
volume-reducing  techniques,  Kohler  reported  that 
laparoscopic  coagulation  hemostasis  of  the  uterine  vessels 
was  associated  with  less  blood  loss.  It  may  take  time  to 
achieve  these  goals,  but  they  may  make  subsequent 
extirpation  or  volume  reducing  procedures  easier  and  safer 
to  perform.  Therefore,  the  average  operative  time  and 
estimated  blood  loss  for  the  LAVH  remained  almost  constant 
regardless  of  increasing  uterine  weight.  Generally,  the 
average  operative  time  for  LAVH  is  longer  than  that  for 
transvaginal  hysterectomy.  It  takes  time  to  secure  the  uterine 
blood  supply  before  extirpation  and  volume  reducing 
procedures,  but  it  also  makes  LAVH  superior  to  transvaginal 
hysterectomy  when  dealing  with  a  larger  uterus.  In  our 
opinion,  LAVH  might  be  considered  for  a  larger  uterus  in 
view  of  the  relatively  shorter  operative  time  and  less  blood 
loss,  whereas  transvaginal  hysterectomy  is  preferable  for  a 
small  uterus,  not  only  for  shorter  operative  time  and  minimal 
wound,  but  also  for  much  lower  costs. 
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Chapter 


Laparoscopic  Myomectomy 


Fibroids  are  a  common  uterine  tumor  affecting  20  to  25 
percent  women.  Fibroid  develops  from  benign  transformation 
of  a  single  smooth  muscle  cell.  The  growth  of  myoma  is 
dependent  on  many  factors.  Increased  estrogen  stimulation 
alone  or  together  with  growth  hormone  or  human  placental 
lactogen  appears  to  be  the  major  growth  regulator  of  fibroid. 

The  severities  of  symptoms  depend  on  the  number  of 
tumor,  size  and  location.  Many  time  they  cause  abdominal 
pressure  so,  urinary  frequency,  abdominal  pain  or 
constipation.  One  of  the  common  finding  is  DUB  due  to 
altered  blood  flow  through  the  uterus.  The  fibroid  many 
time  does  not  affect  pregnancy. 

In  women  with  menorrhagia  the  hematocrit  is  used  to 
asses  the  degree  of  anemia.  Patients  with  large  broad  ligament 
fibroid  may  require  an  intravenous  pyelogram  to  rule  out 
any  ureteral  obstruction.  For  anemic  patients  preoperative 
treatment  with  gonadotropin  releasing  hormone  may  enable 
restoration  of  a  normal  hematocrit  and  decrease  the  size  of 
myoma  and  thus  reduce  the  risk  of  transfusion. 

Intraoperatively  use  of  dilute  vasopressin  helps  to 
minimize  the  blood  loss.  Vertical  uterine  incision  bleed  less 
than  transverse  incision. 

Single,  vertical,  anterior,  midline  incisions  are  least  likely 
to  form  adhesion.  Although  sutures  predispose  to  adhesions, 
they  are  often  necessary  to  close  the  uterine  defect. 

If  the  endometrial  cavity  is  entered  due  to  large  myoma 
a  patient  who  subsequently  becomes  pregnant  should 
undergo  cesarean  delivery. 

Preoperative  GnRH  agonist  has  been  used  by  some 
gynecologists  to  decrease  myomas  and  intraoperative  blood  loss. 

The  risk  of  future  uterine  rupture  is  a  major  concern 
following  myomectomy.  The  difficulty  of  adequately  closing 
the  layers  laparoscopically  and  use  of  electro-coagulation 
may  contribute  to  the  risk  of  uterine  rupture. 

Uteroperitoneal  fistulas  may  follow  laparoscopic 
myomectomy  because  meticulous  laparoscopic 


approximation  of  all  layers  is  very  difficult.  Use  of  electrosurgery 
for  hemostasis  inside  the  uterine  defect  may  also  increase  the 
risk  of  uteroperitoneal  fistula  formation. 

The  chances  of  postoperative  adhesion  are  also  quite 
high  in  case  of  laparoscopic  myomectomy.  A  single  uterine 
incision  for  removal  of  multiple  leiomyomas  and  subserosal 
approximation  of  the  uterine  defect  should  be  done. 

Laparoscopic  assisted  myomectomy  can  reduce  the 
chance  of  this  complication.  The  suturing  will  be  done 
outside  so  decreasing  the  operating  time  and  secure  layered 
suturing  ensures  uterus  does  not  rupture  in  later  pregnancy. 
Pelvic  observation  during  the  laparoscopy  allows  the 
diagnosis  and  treatment  of  any  other  disease  like 
endometriosis  or  adhesion.  The  criteria  for  LAM  are  myoma 
greater  than  5  cm,  numerous  myomas,  requiring  vigorous 
use  of  morcellator,  deep  intramural  myoma  and  removal 
that  require  uterine  repair  with  sutures. 

PROCEDURE 

Pedunculated  myomas  are  easiest  to  remove  by  just 
coagulating  and  cutting  the  stalk.  Diluted  vasopressin  may 
be  injected  in  the  base  of  stalk. 

Intramural  fibroid  require  more  manipulation  so  dilute 
vasopressin  should  be  injected  to  multiple  site  between  the 
myometrium  and  the  fibroid  capsule  (Figs  35.1  and  35.2).  An 
vertical  incision  is  made  on  the  serosa  overlying  the  leiomyomas 
using  the  monopolar  electrode.  The  incision  is  extended  until  it 
reaches  the  capsule.  The  myometrium  retracts  as  incision  is 
made,  exposing  the  tumor.  Two  grasping  tooth  forceps  hold 
the  edges  of  myometrium  and  the  suction  irrigator  is  used  as 
blunt  probe  to  remove  covering  of  the  leiomyomas  from  its 
capsule.  The  myoma  crew  should  be  inserted  into  the  fibroid 
to  apply  traction  while  the  suction  irrigation  instrument  can  be 
used  as  a  blunt  dissector.  The  C02  laser  is  used  to  further 
dissect  capsular  attachment.  Vessels  are  electrocoagulated 
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Fig.  35.1:  Colpotomy 


before  being  cut.  After  complete  myoma  removal  the  uterine 
defect  is  irrigated,  bleeding  points  are  identified  and  controlled 
with  the  open  jaw  of  bipolar.  If  the  fibroid  is  small  and  patient 
does  not  want  baby,  the  edges  of  the  uterine  defects  are 
approximated  by  coagulating  the  myometrium  without  suturing 
and  tube  ligation  is  performed.  If  the  defect  is  deep  situated, 
the  edges  of  defect  should  be  approximated  by  using  4-0  PDS. 
The  repair  mainly  involve  serosal  and  subserosal  layer  or  can 
be  in  one  layer.  Sutures  are  applied  at  a  distance  of  5  mm. 
After  repair,  thorough  suction  and  irrigation  should  be 
performed.  Some  gynecologist  use  adhesive  medical  glues  over 
the  suture  line  to  prevent  adhesion.  Even  in  the  hand  of  expert 
the  laparoscopic  myomectomy  is  difficult.  Tumble  square  knot 
is  better  to  use  if  the  edges  are  in  tension.  Dundee  jamming 
knot  with  continuous  suturing  may  be  used  if  there  is  not  much 
tension  followed  by  Aberdeen  termination.  Precise  suturing  of 
several  layers  is  almost  impossible  laparoscopically. 

Intraligamentous  and  broad  ligament  fibroid  are  difficult 
to  remove  due  to  risk  of  injury  to  ureter  and  uterine  artery 
at  the  time  of  dissection.  Following  a  thorough  exposure  of 
ureter  and  vessels  and  depending  on  the  location  of  myoma, 
an  incision  is  made  on  the  anterior  or  posterior  leaf  of  the 
broad  ligament  and  the  leiomyomas  is  slowly  shelled  as  other 
subserosal  or  intramural  fibroid. 

Throughout  the  procedure  the  location  of  the  ureter  is 
monitored,  bleeding  points  are  controlled  by  bipolar.  The 
broad  ligament  and  peritoneum  are  not  closed  in  cases  of 
broad  ligament  Myoma.  If  postoperative  bleeding  is 
suspected,  a  drain  should  be  left. 

REMOVAL  OF  MYOMA 

Fibroid  removal  is  one  of  the  difficult  and  time  consuming 
procedures.  Larger  myoma  may  be  removed  through 
posterior  colpotomy  (Figs  35. 3 A  to  C).  In  women  with 
concurrent  posterior  cul-de-sac  pathology  posterior  colpotomy 


Figs  35.2A  to  C:  Morcellator  is  necessary  equipment  for  myoma 
tissue  retrieval 


is  not  safe.  Medium  and  large  size  fibroid  is  morcellated  using 
a  morcellator  (see  Figs  35.2  and  35.3),  scalpel  (Figs  35. 4A  to 
D)  or  scissors.  The  process  is  ineffective  for  calcified  myomas. 

For  infected  tissue  and  in  case  of  suspected  carcinoma 
tissue  retrieval  bag  should  be  used.  Many  sizes  of  disposable 
tissue  retrieval  bags  are  available  and  hard  rim  of  these  retrieval 
bags  are  easy  to  negotiate  inside  the  abdominal  cavity. 
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Figs  35.3A  to  C:  Dissection  of  myoma 


Figs  35.4A  and  B 


For  large  size  gynecological  tissue,  colpotomy  route  is  good  for  Sponge  over  sponge  holding  forceps  is  inserted  in  posterior  vaginal 
retrieval.  Colpotomy  can  be  done  laparoscopically  with  the  help  fornix  by  one  assistant  and  surgeon  cuts  the  vaginal  fascia  between 
of  heal  of  hook.  Counter  pushing  by  other  instruments  is  effective,  both  the  uterosacral  ligaments  with  the  heel  of  hook. 
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Use  of  morcellator  is  another  way  which  facilitates  grinding 
of  solid  tissue  and  then  these  can  be  taken  out  without  any 
difficulty  (see  Fig.  35.3).  Recently  many  companies  have 


launched  battery  operated  morcellator.  The  morcellator  is 
important  instrument  for  tissue  retrieval  in  myomectomy  and 
splenectomy  (Figs  35. 5A  to  C). 


Figs35.4C  and  D 

Figs  35.4A  to  D:  Endoknife  used  to  divide  myoma 


Figs  35.5A  to  C:  Morcellation  of  myoma 
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Chapter 


Laparoscopic  Management 
Stress  Incontinence 


Genuine  stress  incontinence  is  the  involuntary  loss  of  urine 
which  occurs  when  the  intravesical  pressure  exceeds  the 
maximum  urethral  pressure  in  the  absence  of  a  detrusor 
contraction.  The  preferred  therapy  for  genuine  stress 
incontinence  is  surgery.  Urinary  incontinence  is  becoming 
more  prevalent  as  the  population  ages.  A  significant 
improvement  in  the  psychological  status  of  these  patients 
after  the  successful  surgical  cure  of  stress  incontinence  has 
been  demonstrated. 

PATHOPHYSIOLOGY 

In  genuine  stress  incontinence  the  proximal  urethra  is 
displaced  outside  the  abdominal  cavity.  Stress  incontinence 
then  results  from  inadequate  transmission  of  increases  in 
intra-abdominal  pressure  to  the  proximal  urethra.  The 
urethra  has  in  fact  lost  its  retropubic  position  due  to 
attenuated  support.  As  a  result,  coughing  will  produce  an 
immediate  increase  in  intravesical  pressure  but  not  a 
concomitant  increase  in  intraurethral  pressure,  and  a  dribble 
of  urine  results.  More  than  160  types  of  operations  are 
available  to  correct  stress  urinary  incontinence,  an  optimal 
approach  has  not  been  developed.  The  Burch  procedure  is 
considered  by  many  to  be  the  gold  standard  for  surgical 
treatment  of  genuine  stress  incontinence  (Fig.  36.1). 

The  Burch  procedure  requires  the  elevation  of  the 
anterior  wall  of  the  vagina  to  the  level  of  the  origin  of  the 
paravaginal  fascia  by  suspension  from  Cooper’s  ligaments 
(iliopectineal  ligaments).  A  properly  performed  Burch 
procedure  cures  93  percent. 

Laparoscopic  Anatomy 

The  space  of  Retzius  lies  between  the  vesicoumbilical  fascia 
posteriorly  and  the  posterior  rectus  sheath  and  pubic  bone, 
anteriorly.  This  is  the  space  first  entered  in  Burch  suspension. 


Preoperative  Evaluation 

Postmenopausal  women  should  receive  at  least  3  months 
of  estrogen  replacement  therapy.  Preoperative  evaluation 
includes  history,  physical,  gynecologic,  and  neurologic 
examinations.  The  routine  tests  include  stress  test,  Q-tip  test, 
urinalysis,  urine  culture  and  sensi-tivity.  All  women  should 
undergo  an  urodynamic  evaluation,  with  emphasis  on 
voiding  time,  voiding  volume,  and  post-void  residual  urine 
volume.  Stress  incontinence  is  diagnosed  by  a  positive  stress 
test  in  the  absence  of  simultaneous  detrusor  contractions  or 
pressure  equalization  on  the  stress  urethral  closure  pressure 
profile. 


Fig.  36.1:  Laparoscopic  Burch  suspension 
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Operative  Technique 

Following  the  induction  of  general  endotracheal  anesthesia, 
a  Foley’s  catheter  should  be  applied  in  the  bladder.  A 10  mm 
operative  video  laparoscope  is  inserted  infraumbilical  and 
three  5  mm  accessory  trocars  are  inserted  according  to 
baseball  diamond  concept. 

300  cc  of  methylene  blue  solution  is  placed  into  the 
bladder  to  keep  the  bladder  weighted  down  and  to  allow 
the  clear  delineation  of  the  dome  of  the  bladder.  Three  port 
techniques  is  used  one  in  umbilicus  and  two  5  cm  lateral 
and  slightly  below  the  umbilicus. 

The  anterior  abdominal  wall  peritoneum  3  to  5  cm  above 
the  symphysis  pubis  is  cut  and  pulled  down.  To  enter  the 
space  of  Retzius  intra-abdominally,  the  umbilical  ligaments 
are  identified  laterally  (Fig.  36.2). 


Fig.  36.2:  Peritoneal  incision  in  midline 


The  space  of  Retzius  is  developed  using  blunt  and  C02 
dissection  of  fibrofatty  tissue.  Care  is  taken  to  avoid  obturator 
nerve  and  aberrant  obturator  vessel  injury. 

The  midline  trocar  entry  and  anatomic  landmarks, 
including  the  round  ligament  from  the  internal  ring,  are  used 
to  avoid  bladder  injury.  Blunt  dissection,  hydrodissection, 
and  the  C02  laser  for  sharp  dissection  are  used  to  expose 
the  retropubic  space.  Surgeon  should  stay  close  to  the  back 
of  the  pubic  bone,  dropping  the  anterior  bladder  wall,  vaginal 
wall,  and  urethra  downward.  Dissection  is  limited  over  the 
urethra  in  the  mid-line,  to  approximately  2  cm  lateral  to  the 
urethra  to  protect  its  delicate  musculature.  An  assistant 
should  introduce  one  finger  on  each  side  of  the  catheterized 
urethra,  elevating  the  lateral  vaginal  fornix.  The  overlying 
fibrofatty  tissue  is  cleared  laparoscopically  from  the  anterior 
vaginal  wall.  The  bladder  is  dissected  medially  from  the 
paravaginal  fascia  from  lateral  to  medial.  Blunt  dissection 
with  atraumatic  grasper  is  continued  until  the  urethrovesical 
junction  becomes  apparent  and  the  white  glistening  tissue 
of  the  paravaginal  fascia  appears. 

Bladder  muscle  fibers  of  the  urethrovesical  junction  should 
not  be  damaged  at  the  time  of  dissection.  Bleeding  if  happens 
in  this  area  is  controlled  only  with  bipolar  electrocoagulation 
because;  monopolar  current  can  cause  perforation  of  bladder 
or  stricture  of  ureter.  Retropubic  dissection  is  continued  until 
Cooper’s  ligament  is  clearly  exposed.  Dissection  in  the  space 
of  Retzius  is  difficult  in  patients  who  have  undergone  previous 
laparotomy.  Pneumoperitoneum  pressure  provides  exposure 
of  the  space  and  its  contents  out  to  the  obturator  nerve  (Figs 
36.3A  and  B). 

The  space  of  Retzius  also  can  be  entered  with  a  pre- 
peritoneal  approach  just  like  transabdominal  preperitoneal 
hernia  surgery.  The  balloon  dissector  consists  of  a  cannula, 


Figs  36.3A  and  B:  Extraperitoneal  approach 
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balloon  system.  The  dissector  is  inserted  through  a  10  mm 
infraumbilical  incision.  It  is  advanced  between  the  rectus 
muscle  and  the  anterior  surface  of  the  posterior  rectus 
sheath  towards  the  symphysis  pubis.  The  dissector’s 
external  sheath  is  removed,  and  the  balloon  is  inflated  with 
approximately  500  ml  of  saline  solution.  During  inflation, 
the  balloon  unrolls  sideways  and  exerts  a  perpendicular 
force  that  separates  tissue  layers.  A  blunt  dissection  of  the 
connective  tissues  is  propagated  as  the  balloon  expands. 
Full  dissection  takes  about  one  minute  but  surgeon  should 
keep  the  balloon  inflated  for  5  minute  to  achieve  proper 
hemostasis.  Lateral  pressure  of  balloon  will  stop  capillary 
bleeding  if  kept  for  5  minutes.  When  maximal  volume  is 
reached,  the  balloon  is  deflated  and  removed  through  the 
incision  (Figs  36. 4A  and  B). 

The  dissected  space  is  insufflated  with  C02  at  a  pressure 
of  8  to  10  mm  Hg.  The  predefined  shape  of  the  balloon,  its 
non-elastomeric  material,  and  the  incompressible  character 
of  the  saline  assure  a  large,  relatively  bloodless  working  space 
of  predictable  size  and  shape.  The  space  is  adequate  for 
identification  of  pertinent  landmarks  and  unencumbered 
manipulation  of  endoscopic  surgical  instruments. 

After  complete  dissection,  the  paravaginal  fascia  is 
identified  as  glistening  fascia  over  the  finger  of  assistant. 
Using  a  needle  holder  a  suture  placed  over  the  paravaginal 
fascia  at  the  level  of  the  urethrovesical  junction, 
approximately  1  to  1.5  cm  from  the  urethra  (Fig.  36.5).  The 
urethrovesical  junction  can  be  identified  easily  because  of 
the  Foley  bulb  with  the  catheter  under  gentle  traction.  This 
suture  is  placed  perpendicular  to  the  vaginal  axis  to  include 
approximately  0.5  to  1  cm  of  tissue. 

The  complete  vaginal  fascia  should  be  taken  so  that  it 
will  not  cut  through.  Precaution  should  be  taken  that 
suture  does  not  penetrate  the  vaginal  mucosa.  Once  the 


suture  is  placed  over  the  paravaginal  fascia,  the  suture  is 
fixed  to  Cooper’s  ligament  or  the  midline  of  the  symphysis 
pubis. 

The  suture  is  tied  either  intracorporeal  or  extra- 
corporeally  with  the  help  from  an  assistant  who  lifts  the 
vagina  upward  and  forward.  The  urethra  is  observed 
carefully  to  prevent  it  from  being  compressed  against  the 
pubic  bone.  This  same  suturing  technique  is  repeated  on 
the  opposite  side,  the  aim  is  to  create  a  platform  on  which 
the  bladder  neck  can  rest.  If  the  suspension  is  not  enough 
with  one  suture,  a  second  and  rarely,  a  third  set  of  sutures 
can  be  placed  along  the  base  of  the  bladder  proximally. 

After  taking  suture  on  both  sides,  cystoscopy  should  be 
performed  to  ensure  that  there  is  no  suture  pierced  in  the 
bladder,  cystoscopy  also  help  to  assess  the  urethrovesical 
junction  angle,  and  to  check  ureteral  patency. 

Proline  mesh  can  be  used  instead  of  direct  suture  for 
bladder  neck  suspension.  Medially  over  paravaginal  fascia, 
mesh  is  fixed  by  sutures  and  laterally  over  Cooper’s  ligament 
it  should  be  fixed  with  the  help  of  Protak  or  Anchor.  One  of 
the  advantages  of  mesh  is  that  after  some  time  it  gives  very 
good  platform  for  bladder  neck  due  to  fibrosis  developed 
through  the  mesh  (Fig.  36.6). 

Once  the  procedure  is  finished  the  pneumoperitoneum 
pressure  is  decreased  and  the  retropubic  space  is  evaluated. 
If  there  is  any  bleeding,  it  is  controlled  with  bipolar 
electrocoagulation.  The  peritoneal  defect  may  be  left  open 
to  heal  spontaneously,  or,  if  it  is  large,  it  should  be  closed 
laparoscopically  with  three  to  four  interrupted  or  purse  string 
sutures.  The  laparoscope  is  withdrawn  from  the  abdomen 
and  the  procedure  concluded.  The  Foley’s  catheter  should 
be  left  in  place  for  2  to  3  days.  If  there  is  any  fear  of  detrusor 
instability  or  bladder  injury,  the  Foley’s  should  be  in  place 
for  one  week  or  more. 


Figs  36.4A  and  B:  Balloon  dilatation 
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Fig.  36.5:  Suturing  of  paravaginal  fascia 


Fig.  36.6:  Mesh  fixed  with  Cooper’s  ligament 


Intercourse  should  be  avoided  for  6  to  8  weeks 
postoperatively  and  the  patients  are  advised  to  avoid  heavy 
lifting  or  strenuous  exercise  for  at  least  2  months. 
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Chapter 


Minimally  Invasive 

Sling  Operation  for  Stress  Incontinence 


TENSION-FREE  VAGINAL  TAPE 

Stress  urinary  incontinence  or  genuine  stress  incontinence 
is  a  problem  of  the  urinary  bladder  where  the  urethral 
sphincter  weakens  and  as  a  result,  cannot  prevent  the  flow 
of  urine  through  it  when  the  intra-abdominal  pressure  rises 
such  as  in  coughing,  sneezing,  lifting  something  heavy  or 
even  standing  or  walking. 

There  are  several  causes  of  urethral  sphincter  weakness, 
most  common  being: 

•  Unattended  pregnancy  and  childbirth 

•  Frequent  heavy  lifting 

•  Estrogen  deficiency  or  menopause 

•  Obesity. 

Urinary  incontinence  is  reported  by  14  percent  of  women, 
and  urodynamic  stress  incontinence,  the  involuntary  leakage 
of  urine  during  increased  abdominal  pressure  in  the  absence 
of  a  detrusor  contraction  is  diagnosed  in  over  half  of  the  women 
presenting  to  hospital  with  urinary  incontinence.  Systematic 
reviews  have  shown  that  colposuspension  has  the  best  surgical 
results  when  compared  with  other  treatments  for  urodynamic 
stress  incontinence,  with  cure  rates  of  up  to  90  percent  in  women 
who  have  had  no  previous  surgery  for  incontinence,  although 
there  are  only  limited  data  from  randomized  trials  on  which  to 
base  clinical  practice.  Although  colposuspension  remains  the 
most  popular  choice  for  the  treatment  of  stress  incontinence, 
some  authors  have  reported  less  than  half  of  patients  remaining 
dry  and  free  of  complications  long-term.  Complications  include 
hemorrhage,  hematoma,  bladder  injury,  and  urinary  tract 
infection.  Up  to  20  percent  of  women  may  develop  de  novo 
detrusor  over  activity;  voiding  dysfunction  has  been  reported 
in  3  percent  to  32  percent  of  women,  and  surgery  for  vaginal 
prolapse  may  be  required  in  2.5  percent  to  26.7  percent  after 
the  procedure. 

Minimally  invasive  suburethral  sling  procedures  have 
become  a  mainstay  for  the  surgical  treatment  of  stress  urinary 
incontinence  in  women.  Transvaginal  tape  is  a  minimally 


invasive  procedure  for  women  who  suffer  from  stress  urinary 
incontinence.  In  transvaginal  tape,  the  urinary  bladder  and 
urethra  are  repaired,  strengthened  and  returned  to  its  original 
position  in  the  pelvis.  Tension-free  vaginal  tape  (also  known 
as  TVT)  was  first  introduced  in  Sweden  in  the  mid  1990s  by 
Ulf  Ulmsten  and  Papa  Petros.  The  American  Urological 
Association  (AUA)  has  established  a  task  force  to  determine 
the  most  effective  operations  for  the  treatment  of  stress 
urinary  incontinence.  They  concluded  the  most  curative 
operations  as  published  in  the  worldwide  medically  indexed 
literature:  Burch  urethral  suspension  procedure  and  the 
suburethral  sling  operation.  Cure  rates  for  both  procedures 
were  found  to  fall  routinely  between  80  to  90  percent.  The 
TVT  operation  is  a  “sling”  operation  and  its  cure  rate  falls 
within  the  international  standards  of  cure  for  other  types  of 
sling  procedures.  The  tension-free  vaginal  tape  procedure 
is  a  relatively  recent  treatment  for  stress  incontinence. 

A  polypropylene  tape  is  inserted  suburethrally  under  local 
anesthesia  with  sedation.  The  procedure  is  thought  to  work 
by  providing  a  pubourethral  “neoligament”.  Increased 
intra-abdominal  pressure  results  in  a  kink  at  the  point  of 
fixation,  which  prevents  urine  flow  (Fig.  37.1). 

Surgical  Technique 

The  patient  should  be  placed  in  the  lithotomy  position  taking 
care  to  avoid  hip  flexion  greater  than  60°.  The  procedure 
can  be  carried  out  under  local  anesthesia,  but  it  can  also  be 
performed  using  regional  or  general  anesthesia.  The  extent 
of  dissection  is  minimal,  i.e.  a  vaginal  midline  entry  with  a 
small  paraurethral  dissection  to  initially  position  the  needle 
and  two  suprapubic  skin  incisions. 

Using  forceps,  grasp  the  vaginal  wall  at  each  side  of  the 
urethra.  Using  a  small  scalpel,  make  a  sagittal  incision  about 
1.5  cm  long  starting  approximately  1.0  cm  from  the  outer 
urethral  meatus.  This  incision  will  cover  the  midurethral  zone 
and  will  allow  for  subsequent  passage  of  the  sling  (tape). 
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With  a  small  pair  of  blunt  scissors,  two  small  paraurethral 
dissections  (approximately  0.5  cm)  are  made  so  that  the  tip 
of  the  needle  can  then  be  introduced  into  or  passed  through 
the  paraurethral  dissection  (Fig.  37.2). 

Then,  two  abdominal  skin  incisions  of  0.5  to  1  cm  are 
made  one  on  each  side  of  the  midline  just  above  the 
symphysis  not  more  than  4  to  5  cm  apart.  Incision  placement 
and  needle  passage  near  the  midline  and  close  to  the  back 
of  the  pubic  bone  are  important  to  avoid  anatomic  structures 
in  the  inguinal  area  and  lateral  pelvic  sidewall. 

The  TVT  rigid  catheter  guide  is  inserted  into  the  channel 
of  the  Foley  catheter  (18  French).  The  handle  of  the  guide 
is  fixed  around  the  catheter,  proximal  to  its  widening.  The 


Fig.  37.1:  Tension-free  vaginal  tape 


Fig.  37.2:  Abdominal  and  vaginal  incision  for  tension-free  vaginal 
type  (TVT) 


purpose  of  the  guide  is  to  move  the  bladder  neck  and  urethra 
away  from  where  the  tip  of  the  needle  will  pass  into  the 
retropubic  space  (Figs  37.3A  and  B). 

Via  use  of  the  Foley  catheter  and  the  rigid  catheter  guide, 
the  urethra  and  bladder  are  moved  contralaterally  to  the  side 
of  the  needle  passage.  During  this  maneuver,  the  bladder 
should  be  empty.  Using  the  introducer,  the  needle  is  passed 
paraurethrally  penetrating  the  urogenital  diaphragm.  Insertion 
and  passage  are  controlled  by  using  the  long  or  index  finger 
in  the  vagina  under  the  vaginal  wall  on  the  ipsilateral  side 
and  fingertip  control  on  the  pelvic  rim.  The  curved  part  of  the 
needle  should  rest  in  the  palm  of  the  “vaginal”  hand. 

If  you  are  right  handed  this  means  that  the  left  hand 
generally  is  the  one  to  be  used  for  needle  guidance  (Figs 
37.4A  to  C).  With  the  other  hand,  grip  the  handle  of  the 
introducer  gently.  Now  introduce  the  needle  tip  into  the 
retropubic  space.  Once  again,  observe  that  this  should  be 
done  by  the  palm  of  the  vaginal  hand  and  with  the  needle 
tip  horizontally,  i.e.  in  the  frontal  plane.  After  passage  of  the 
urogenital  diaphragm,  you  will  feel  that  the  resistance  is 
significantly  reduced.  Immediately  aim  the  tip  of  the  needle 
towards  the  abdominal  midline  and  lower  the  handle  of  the 
introducer  thereby  pressing  the  tip  of  the  needle  against  the 
back  of  the  pubic  bone.  Now,  move  the  needle  tip  upwards 
to  the  abdominal  skin  incision,  keeping  in  close  contact  with 
the  pubic  bone  all  the  way.  When  the  needle  tip  has  reached 
the  abdominal  incision,  cystoscopy  is  performed  to  confirm 
bladder  integrity.  The  bladder  must  be  emptied  after  the 
first  cystoscopy.  Disarticulate  the  reusable  introducer  and 
pull  the  remaining  portion  of  the  TVT  needle  through  the 


Figs  37.3A  and  B:  Passage  of  needle  through  retropubic  space 
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Figs  37.4A  to  C:  Safe  entry  of  needle  with  use  of  urethral  catheter  guide 


Figs  37.5A  and  B:  Completed  application  of  tape  with  laparoscopic  view 


abdominal  incision.  The  procedure  is  then  repeated  on  the 
other  side. 

The  needles  are  then  pulled  upward  to  bring  the  tape 
(sling)  loosely,  i.e.  without  tension,  under  the  midurethra. 
Cut  the  tape  close  to  the  needles.  Now,  adjust  the  tape  so 
that  leakage  is  reduced  allowing  a  few  drops  of  urinary 
leakage  to  occur  under  stress.  For  this,  use  patient  feedback, 
i.e.  coughing  with  a  full  bladder  (approximately  300  ml) 
and  keep  the  vaginal  incision  temporarily  closed  by  a  gentle 
grip  with  small  forceps  (Figs  37. 5A  and  B). 

The  plastic  sheaths  that  surround  the  tape  are  then 
removed  (Figs  37.6A  to  C).  To  avoid  putting  tension  on  the 
tape,  a  blunt  instrument  (scissors  or  forceps)  should  be  placed 
between  the  urethra  and  the  tape  during  removal  of  the 
plastic  sheaths  (Fig.  37.7). 

Premature  removal  of  the  sheath  may  make  subsequent 
adjustments  difficult.  After  proper  adjustment  of  the  tape, 
close  the  vaginal  incision.  The  abdominal  ends  of  the  tape 
are  then  cut  and  left  in  subcutis.  Do  not  suture  them.  Suture 
the  skin  incisions.  Empty  the  bladder.  Following  this 


procedure,  postoperative  catheterization  is  not  typically 
required.  The  patient  should  be  encouraged  to  try  to  empty 
the  bladder  2  to  3  hours  after  the  operation. 

Transobturator  Tape 

When  tension-free  vaginal  tape  (TVT)  was  first  introduced 
into  clinical  practice  in  the  mid-  to  late  1990s,  the  gold 
standard  surgical  procedure  in  the  treatment  of  stress  urinary 
incontinence  was  the  Burch  colposuspension.  Several 
randomized  controlled  trials  have  compared  the  efficacy  and 
safety  of  these  two  procedures  and  shown  that  TVT  has  a 
lower  morbidity  rate  and  equal  or  superior  efficacy  at  mid¬ 
term  follow-up.  TVT  has  gradually  replaced  the 
colposuspension  as  the  first  choice  procedure,  especially  now 
that  the  long-term  results  (5-7  year  outcome)  are  known 
(81.3%  and  82%  cure  rate). 

There  are,  however,  concerns  over  the  safety  of  TVT.  A 
Finnish  series  of  1455  women  treated  for  stress  urinary 
incontinence  demonstrated  several  vascular  injuries  (venous 
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Figs  37.6A  to  C:  Removal  of  plastic  tape  with  cutting  the  excessive  mesh 


Fig.  37.7:  Scissors  or  forceps  should  be  placed  between  the 
urethra  and  the  tape 

lacerations  were  the  most  frequent  injury  reported),  while 
Zilbert  et  al  reported  a  case  of  right  external  iliac  artery  injury. 
In  addition,  two  deaths  due  to  serious  vascular  injuries  have 
been  reported  to  the  manufacturers,  as  have  bowel 
perforations.  Most  of  these  complications  are  related  to  the 
penetration  of  the  retropubic  space.  In  order  to  avoid  these 
complications,  but  keep  the  principle  of  a  minimally  invasive 
procedure  to  reinforce  the  structures  supporting  the  urethra, 
Delorme  described  the  transobturator  tape  (TOT).  In  this 
technique  a  2  cm  incision  is  made  through  the  vagina  over 
the  urethra,  and  a  tunnel  created  out  to  the  obturator  foramen 
on  either  side.  A  trocar  is  then  passed  from  the  thigh  fold 
through  the  obturator  foramen  from  the  outside  to  the  inside 
and  brought  round  through  the  vaginal  incision.  A 
multifilament  microporous  tape  is  then  fed  through  the  trocar 


and  brought  through  the  obturator  foramen.  The  procedure 
is  repeated  on  both  sides  and  the  tape  left  under  no  tension 
under  the  midurethra.  De  Leval  et  al  described  a  further 
modification  to  the  surgical  technique,  which  allows  the 
passage  of  a  trocar  and  tape  through  the  obturator  foramen 
from  inside  to  out.  The  authors  felt  that  this  further  reduced 
any  risk  of  damage  to  the  urethra  and  bladder;  however,  the 
long-term  safety  of  this  type  of  procedure  is  not  known. 

The  tension-free  vaginal  tape  has  revolutionized  the 
surgical  treatment  of  stress  urinary  incontinence  but  remains 
an  abdominal  procedure  with  all  of  the  potential 
complications  therein.  The  transobturator  tape  procedure 
described  here  produces  the  same  end  result,  i.e.  a  tension- 
free  tape  left  under  the  midurethra,  but  without  the  risks  of 
an  abdominal  procedure. 

Bladder  perforation  is  the  most  common  complication 
occurring  during  the  TVT  procedure,  with  the  incidence 
reported  as  between  0.8  percent  and  21  percent.  However, 
with  the  TOT  procedure,  the  risk  of  bladder  perforation  is 
significantly  reduced  (Fig.  37.8). 

Functional  Theories  and  Comparison  with 
Tension-free  Vaginal  Tape 

DeLancey's  theories  on  pelvic  support  for  the  bladder  and 
urethra  help  to  explain  the  mechanism  of  action  of  the 
transobturator  tape  in  the  treatment  of  stress  urinary 
incontinence,  in  that  the  position  of  the  tape  is  similar  to 
that  of  the  natural  hammock  supporting  the  urethra.  The 
TOT  procedure  using  polypropylene  tape  satisfies  most  of 
the  requirements  for  effective  surgery. 

In  the  medium-term  the  results  are  satisfactory  and, 
unlike  the  retropubic  tape  (TVT),  the  purely  perineal  location 
of  the  transobturator  tape  minimizes  the  risk  of  trauma  to 
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Fig.  37.8:  Injuries  in  TVT  procedure 


Fig.  37.10:  Position  the  patient,  mark  thigh  exit  point  and  make 
vaginal  midline  incision 
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Safe  entry  zone 
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Figs  37.9A  and  B:  Pelvic  anatomy  demonstrating  obturator  foramen 

the  bladder,  intestine,  major  vessels  and  nerves  (Figs  37. 9A 
and  B). 

Operative  Technique  of  TVT-0 

Patient  should  be  positioned  in  dorsal  lithotomy  with  hips 
hyperflexed  with  buttock  flush  to  the  edge  of  the  table.  Make 


Fig.  37.11 :  Dissect  to  the  obturator  membrane  and  perforate 
obturator  membrane 

the  exit  points  by  tracing  a  horizontal  line  at  the  level  of  the 
urethral  meatus,  and  a  second  line  parallel  and  2  cm  above 
the  first  line.  Locate  the  exit  points  on  the  second  line,  2  cm 
lateral  of  the  folds  of  the  thigh.  Using  Allis  clamps  for  traction 
make  a  1  cm  midline  vaginal  incision  starting  1  cm  proximal 
to  the  urethral  meatus  (Fig.  37.10). 

After  initiating  sharp  dissection,  continue  by  using  a 
“push-spread”  technique  preferably  using  pointed  curved 
scissor  (Fig.  37.11).  The  path  of  the  lateral  dissection  should 
be  oriented  at  a  45°  angle  from  the  midline,  with  the  scissors 
oriented  on  the  horizontal  plane.  Continue  dissection 
towards  the  “junction”  between  the  body  of  the  pubic  bone 
and  the  inferior  pubic  ramus  and  perforate  the  obturator 
membrane. 

Winged  guide  should  be  inserted  into  the  dissected  trace 
and  through  the  obturator  membrane.  Insert  the  TOT  device 
tip  with  the  helical  pressure  into  the  dissected  tract  following 
the  channel  of  the  winged  guide.  Push  the  direction  of  TOT 
device  inward  traversing,  and  perforating  the  obturator 
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Fig.  37.12:  Insert  winged  guide  and  helical  passer  and  then 
remove  winged  guide 


Fig.  37.13:  Rotate  helical  passer  while  moving  the 
handle  into  midline 


Fig.  37.14:  Facilitate  passage  of  TOT  through  skin  incision 


Fig.  37.15:  Grasp  tip  of  plastic  tube  then  retract  helical 
passer  by  reverse  rotation 


membrane.  Once  in  the  TOT  needle  is  in  position,  winged 
guide  should  be  withdrawn  (Fig.  37.12). 

Once  the  winged  guide  has  been  removed,  move  the 
handle  of  TOT  needle  towards  the  midline  to  a  near-vertical 
position.  Then  rotate  the  handle  of  the  helical  passer  counter 
clock-wise  for  patient's  right  side  and  clock-wise  for  patient's 
leftside  (Fig.  37.13). 

The  point  of  the  helical  passer  should  exit  near  the 
previously  determined  exit  points.  Slight  skin  manipulation 
may  be  required  particularly  in  obese  patients  (Fig.  37.14). 

When  the  tip  of  the  plastic  tube  appears  and  passes  at 
the  skin  opening,  grasp  the  extreme  point  of  the  tip  with  a 
clamp  and,  while  stabilizing  the  tube  near  the  urethra, 
remove  the  helical  passer  by  a  reverse  rotation  of  the  handle 
(Fig.  37.15). 

After  removing  the  helical  passer  the  plastic  tube  should 
be  pulled  completely  through  the  skin  until  the  tape  appears 
(Fig.  37.16). 


Same  procedure  of  TOT  mesh  insertion  should  be 
repeated  for  other  side  keeping  in  mind  that  there  should 
not  be  twisting  of  mesh  in  the  midline  (Fig.  37.17). 

When  the  tape  is  in  position,  the  plastic  sheath  that  covers 
the  tape  should  be  removed  (Fig.  37.18).  One  blunt 
instruments  (e.g.  scissors  or  forceps)  should  be  placed  between 
the  urethra  and  the  tape  during  removal  of  a  plastic  sheath, 
or  use  other  suitable  means  during  sheath  removal,  to  avoid 
positioning  the  tape  with  tension.  Following  tape  adjustment, 
close  the  vaginal  incisions.  Cut  the  tape  ends  at  the  exit  points 
just  below  the  skin  on  the  inner  thigh.  Close  the  skin  incisions 
with  suture  or  surgical  skin  adhesive  (Fig.  37.18).  Surgeon 
should  remember  that  “Looser  is  Better  than  Tighter”. 

CONTRAINDICATIONS  OF  TENSION-FREE 
VAGINAL  TAPE  AND  TRANSOBTURATOR  TAPE 

As  with  any  suspension  surgery,  these  sling  procedure  should 
not  be  performed  in  pregnant  patients.  Additionally,  because 
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Fig.  37.16:  Pull  plastic  tube  and  tape  completely  through  the  skin 


Fig.  37.17:  Steps  of  introduction  of  mesh  should  be  repeated  on 
patient's  other  side 


Fig.  37.18:  Adjust  the  tape,  remove  plastic  sheath  and  close 
incision 


the  prolene  polypropylene  mesh  will  not  stretch  significantly, 
it  should  not  be  performed  in  patients  with  future  growth 
potential  including  women  with  plans  for  future  pregnancy. 


WARNINGS  AND  PRECAUTIONS 

•  Do  not  use  TVT  or  TOT  procedure  for  patients  who  are 
on  anticoagulation  therapy. 

•  Do  not  use  TVT  or  TOT  procedure  for  patients  who 
have  a  urinary  tract  infection. 

•  Users  should  be  familiar  with  surgical  technique  for  bladder 
neck  suspensions  and  should  be  adequately  trained  in  the 
TVT  or  TOT  implantation  procedure  before  employing 
these  devices.  It  is  important  to  recognize  that  TVT  or  TOT 
is  different  from  a  traditional  sling  procedure  in  that  the 
tape  should  be  located  without  tension  under  midurethra. 

•  Acceptable  surgical  practice  should  be  followed  for  the 
TVT  or  TOT  procedure  as  well  as  for  the  management 
of  contaminated  or  infected  wounds. 

•  The  TVT  or  TOT  procedure  should  be  performed  with 
care  to  avoid  large  vessels,  nerves,  bladder  and  bowel. 
Attention  to  local  anatomy  and  proper  passage  of  needles 
will  minimize  risks  especially  in  TVT. 

•  Retropubic  bleeding  may  occur  postoperatively.  Observe 
for  any  symptoms  or  signs  before  releasing  the  patient 
from  hospital. 

•  Cystoscopy  should  be  performed  to  confirm  bladder 
integrity  or  recognize  a  bladder  perforation. 

•  Do  not  remove  the  plastic  sheath  until  the  tape  has  been 
properly  positioned. 

•  Ensure  that  the  tape  is  placed  with  minimal  tension  under 
midurethra. 

•  Prolene  mesh  in  contaminated  areas  should  be  used  with 
the  understanding  that  subsequent  infection  may  require 
removal  of  the  material. 

•  The  patient  should  be  counseled  that  future  pregnancies 
may  negate  the  effects  of  the  surgical  procedure  and  the 
patient  may  again  become  incontinent. 

•  Since  no  clinical  experience  is  available  with  vaginal 
delivery  following  the  TVT  or  TOT  procedure,  in  case  of 
pregnancy  delivery  via  cesarean  section  is  recommended. 

•  Postoperatively  the  patient  is  recommended  to  refrain 
from  heavy  lifting  and/or  exercise  (i.e.  cycling,  jogging) 
for  at  least  three  to  four  weeks  and  intercourse  for  one 
month.  The  patient  can  return  to  other  normal  activity 
after  one  or  two  weeks. 

•  Should  dysuria,  bleeding  or  other  problems  occur,  the 
patient  is  instructed  to  contact  the  surgeon  immediately? 

•  All  surgical  instruments  are  subject  to  wear  and  damage 
under  normal  use.  Before  use,  the  instrument  should  be 
visually  inspected.  Defective  instruments  or  instruments 
that  appear  to  be  corroded  should  not  be  used  and 
should  be  discarded. 

•  As  with  other  incontinence  procedures,  de  novo  detrusor 
instability  may  occur  following  the  TVT  procedure.  To 
minimize  this  risk,  make  sure  to  place  the  tape  tension- 
free  in  the  midurethral  position. 
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•  Punctures  or  lacerations  of  vessels,  nerves,  bladder  or 
bowel  may  occur  during  needle  passage  and  may  require 
surgical  repair. 

•  Transitory  local  irritation  at  the  wound  site  and  a 
transitory  foreign  body  response  may  occur.  This 
response  could  result  in  extrusion,  erosion,  fistula 
formation  and  inflammation. 

•  As  with  all  foreign  bodies,  prolene  mesh  may  potentiate 
an  existing  infection.  The  plastic  sheath  initially  covering 
the  prolene  mesh  is  designed  to  minimize  the  risk  of 
contamination. 

•  Over  correction,  i.e.  too  much  tension  applied  to  the 
tape,  may  cause  temporary  or  permanent  lower  urinary 
tract  obstruction. 
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Chapter 


Laparoscopic  Sacral  Colpopexy 


Vaginal  vault  prolapse  occurs  when  the  apex  of  the  vagina 
descends  below  the  introitus.  It  is  sequelae  of  incorrectly 
performed  hysterectomy  and  occurs  due  to  disruption  of 
the  ligaments  that  maintain  vaginal  support.  Numerous 
surgical  techniques  have  been  proposed  to  prevent  and 
correct  this  condition,  including  abdominal  sacral  colpopexy 
with  interposition  of  a  mesh  between  the  prolapsed  vaginal 
vault  and  anterior  surface  of  the  sacrum.  Traditionally  open 
surgical  procedure  usually  requires  a  midline  abdominal 
incision  and  extensive  bowel  manipulation. 

INDICATIONS 

Symptomic  Prolapse 

•  Feeling  of  pelvic  heaviness  or  full  and  low  back  pain 

•  Perception  of  lump  at  the  opening  of  the  vulva 

•  Mucosal  erosion. 

The  advantages  of  a  laparoscopic  sacral  colpopexy  include 
a  better  view  of  the  pelvis,  precise  hemostasis,  smaller  incision 
and  less  manipulation  of  the  viscera.  Sacral  colpopexy  involves 
placing  a  Hammock  of  polypropylene  mesh  between  the 
prolapsed  vaginal  vault  and  the  anterior  surface  of  the  sacrum. 
Multiple  permanent  sutures  attach  one  end  of  the  mesh  to 
the  apex  of  the  vaginal  vault  and  the  opposite  end  to  either 
the  hollow  of  the  sacrum  or  to  the  sacral  promontory. 

OPERATIVE  PROCEDURE 

Mechanical  and  antibiotic  bowel  preparation  is  given  prior 
to  the  night  of  surgery.  The  vagina  is  thoroughly  cleansed 
with  an  antiseptic  before  the  procedure.  The  laparoscope  is 
placed  through  the  umbilicus  and  other  instruments  through 
three  suprapubic  5  mm  accessory  trocars.  The  patient  is 
placed  in  a  steep  Trendelenburg’s  position  and  tilted  to  the 
left  to  move  the  bowel  away  from  the  operating  field. 

Before  starting  procedure,  diagnostic  laparoscopy  is 
performed.  The  vagina  is  pushed  up  by  a  sponge  on  a  ring 


forceps  in  the  vaginal  vault  and  adhesiolysis  is  performed  as 
necessary.  Peritoneum  and  connective  tissue  are  removed 
from  the  vaginal  apex  until  the  vaginal  fascia  and  scar  are 
identified.  While  holding  the  vaginal  apex  with  grasping 
forceps,  the  vesical  peritoneum  over  the  vaginal  apex  is 
incised  using  blunt  dissection,  hydrodissection  or  scissors. 
The  bladder  is  dissected  from  the  anterior  vaginal  wall  and 
the  rectum  from  the  posterior  vaginal  wall  to  expose 
approximately  4  cm  of  the  vaginal  vault.  If  a  button-hole  is 
made  by  mistake  in  the  vagina,  an  inflated  surgical  glove 
is  placed  in  the  vagina  to  help  maintain  pneumoperitoneum. 

If  a  coexisting  enterocele  is  found,  the  repair  is  performed 
laparoscopically  by  excising  the  sac  followed  by  a  modified 
Moschcowitz  posterior  cul-de-sac  obliteration.  After 
identifying  the  ureter,  the  lateral  peritoneum  is  elevated,  and 
the  suture  placed  through  the  peritoneum,  passed  through 
the  cul-de-sac  base,  the  opposite  side  of  the  peritoneum, 
and  the  anterior  rectosigmoid  colon  serosa.  A  continuous 
purse  string  suture  is  placed  (Fig.  38.1). 


Fig.  38.1 :  Dissection  of  levator  ani  muscle 
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The  posterior  parietal  peritoneum  is  lifted  with  grasping 
forceps  and  the  anterior  sacral  fascia  exposed  (Figs  38. 2A 
to  D).  Care  is  taken  to  avoid  injuring  the  presacral  vessels. 
Bleeding  is  controlled  with  bipolar  electrodesiccation  suture 
or  clips.  The  peritoneal  incision  is  extended  downward  to 
the  vagina  through  the  presacral  space.  The  presacral  space 
is  entered  through  a  vertical  peritoneal  incision  at  the  right 
pararectal  area  using  hydrodissection  combined  with  the 
bipolar;  this  can  be  replaced  by  any  cutting  modality  that 
the  surgeon  chooses.  The  following  anatomic  landmarks  are 
identified  to  avoid  bowel,  ureter,  and  vessel  injury: 

The  right  ureter,  internal  iliac  artery  and  vein,  descending 
colon,  and  presacral  vessels.  The  sigmoid  colon  is  reflected 
laterally  to  avoid  injury  to  vessels  in  the  sigmoid  mesentery. 

The  central  5  mm  trocar  above  the  symphysis  pubis  is 
replaced  with  a  10  mm  trocar.  The  polypropylene  mesh  is 
rolled  and  introduced  into  the  abdomen  through  the  10  mm 
suprapubic  port.  Three  to  five  1-0  nonabsorbable 
polybutilate  coated  polyester  sutures  are  placed  in  a  single 
row  in  the  vaginal  wall  apex  from  one  lateral  fornix  to  the 
other.  Each  suture  is  placed  through  one  end  of  the 


polypropylene  mesh  and  tied  loosely  using  extracorporeal 
or  intracorporeal  knot  (Figs  38. 3A  to  D). 

In  most  cases,  other  supportive  measures  in  the  lower 
vagina  were  necessary  such  as  anterior  and  posterior 
colporrhaphy  for  the  lower  and  middle  third  of  the  vagina 
(Figs  38. 4A  to  C).  Partial  vaginectomy  was  done  in  two 
patients,  and  this  was  done  vaginally,  with  the  mesh  sutured 
to  the  posterior  vaginal  wall  and  placed  intraperitoneal  before 
closing  the  vaginal  cuff  (Figs  38. 5A  to  C). 

Two  permanent  sutures  or  staples  are  placed  in  the 
periosteum  of  the  sacrum  approximately  1  cm  apart  in  the 
midline  over  S-3  and  S-4  (Figs  38. 6A  to  D).  Care  is  taken  to 
avoid  vascular  injury  to  paravertebral  and  perforating  blood 
vessels  in  this  area.  Hemostasis  is  difficult  even  by  laparotomy 
because  of  retraction  of  the  severed  vessels.  The  mesh  is 
adjusted  to  hold  the  vaginal  apex  in  the  correct  anatomic 
position  without  being  tight.  The  excess  mesh  is  trimmed 
from  the  strap.  The  peritoneum  is  closed  over  the  strap  using 
multiple  interrupted  sutures  or  clips  (Fig.  38.7). 
Postoperatively,  patients  remain  in  bed  for  24  hours.  They 
are  advised  to  avoid  intercourse  for  2  months.  Their  diet  is 
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Section  3:  Laparoscopic  Gynecological  Procedures 


Figs  38.3A  to  D:  (A  and  B)  Fixation  of  mesh  to  levator  ani;  (C  and  D)  Fixation  of  mesh  with  uterosacral  ligament 


advanced  as  tolerated  and  a  mild  laxative  is  prescribed  to 
prevent  constipation. 

Vaginal  vault  prolapse  results  from  poor  support  of 
ligaments  that  normally  maintain  vaginal  position.  Several 
operative  techniques  are  available  to  correct  this  problem. 
Abdominal  colpopexy  by  suspending  a  mesh  Hammock 
between  the  prolapsed  vault  and  sacrum  has  been  reported 
with  good  results.  The  laparoscopic  modification  of  this 
operation  combines  the  advantages  of  several  procedures. 
Proper  anatomic  relationships  are  restored  by  correcting 
enterocele,  reconstructing  paracolpium  fibers,  and  directing 
the  vaginal  axis  toward  S-3  or  S-4  by  evenly  distributing 
tension  over  vaginal  vault,  and  the  posterior  cul-de-sac  is 
obliterated  using  a  Moschcowitz  technique. 

A  laparoscopic  approach  has  achieved  favorable  results 
with  minimal  blood  loss,  reduced  hospitalization,  and  rapid 
recovery.  An  overall  decrease  in  complications  such  as  wound 
infection  and  dehiscence,  deep  vein  thrombophlebitis,  and 
small  bowel  ileus  was  noted  compared  to  laparotomy. 
Important  patient  selection  factors  include  an  ability  to  tolerate 
prolonged  general  anesthesia  and  pneumoperitoneum. 


VESICOVAGINAL  FISTULA  REPAIR 

Vesicovaginal  fistulas  are  treated  by  different  surgical 
techniques  depending  on  their  cause  and  location.  Small 
vesicovaginal  fistulas  unresponsive  to  nonsurgical 
management  usually  are  repaired  easily.  The  edges  of  the 
fistula  are  removed  and  the  defect  is  closed.  Latzko’s 
technique  is  the  most  commonly  used  vaginal  approach  in 
which  some  fistulas  are  surrounded  by  severe  fibrosis  and 
are  close  to  the  bladder  neck  or  urethral  meatus.  Lee  and 
coworkers  recommended  an  abdominal  approach  for 
fistulas  in  the  upper  part  of  a  narrow  vagina,  multiple 
fistulas,  those  associated  with  other  pelvic  abnormalities, 
and  fistulas  close  to  the  ureter.  A  combined  abdominal  and 
vaginal  approach  has  been  recommended  in  some 
instances. 

TECHNIQUE 

The  basic  principles  for  fistula  repair  include  suitable 
equipment  and  lighting,  adequate  exposure,  excision  of 
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Figs  38.4A  to  C:  Dissection  of  bladder 


fibrous  tissue  from  the  edges  of  the  fistula,  approximation 
of  the  edges  without  tension,  the  use  of  suitable  suture 
material,  and  efficient  postoperative  bladder  drainage. 

A 10  mm  infraumbilical  incision  is  made  for  the  insertion 
of  the  operative  laparoscope  coupled  with  the  C02  laser. 


Figs  38.5A  to  C:  Fixation  of  another  mesh  over  vaginal  cuff 


Three  trocars  5  mm  are  inserted  in  the  lower  abdomen  for 
the  suction  irrigator  probe,  grasping  forceps,  and  the  bipolar 
forceps.  A  simultaneous  cystoscopy  is  performed  and  both 
ureters  are  catheterized  to  aid  in  their  identification  and 
protection  during  excision  and  closure  of  the  fistula.  A  ureteral 
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Figs  38.6A  to  D:  Fixation  of  the  mesh  with  anterior  longitudinal  ligament 


Fig.  38.7:  Peritonization  of  mesh 


catheter  is  pulled  through  the  fistula  into  the  vagina  to 
facilitate  identification  during  excision. 

A  digital  rectovaginal  examination  is  performed  to 
exclude  rectal  involvement.  Using  the  C02  laser,  an  opening 


is  made  in  the  vagina,  avoiding  the  bladder  and  rectum. 
An  inflated  glove  in  the  vagina  helps  maintain 
pneumoperitoneum . 

The  anterior  vaginal  wall  is  elevated  with  a  grasping 
forceps,  and  the  fistula  is  identified  with  the  help  of  the 
previously  inserted  catheter.  It  also  delineates  the  posterior 
bladder  wall.  The  bladder  is  filled  with  water,  and  a  cystotomy 
is  performed  above  the  fistula  using  the  C02  laser.  The  water 
is  evacuated  as  the  bladder  is  distended  by  the 
pneumoperitoneum  from  the  cystotomy.  The  fistula  tract, 
vesicovaginal  space,  and  ureters  are  observed  laparo- 
scopically.  The  vesicovaginal  space  is  developed  laparo- 
scopically  using  the  C02  laser  and  hydrodissection.  The 
bladder  is  freed  posteriorly  from  the  vaginal  wall.  The  bladder 
fistula  is  identified,  held  with  a  grasping  forceps,  and  excised 
using  the  C02  laser.  Adequate  bladder  dissection  and 
mobilization  are  performed  to  eliminate  tension  upon 
suturing. 

Initially,  the  vaginal  wall  opening  of  approximately  1.5 
cm  is  closed  with  one  layer  of  interrupted  polyglactin  suture. 
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Then,  the  vesical  defect  is  repaired  in  one  layer  with  four 
interrupted  1-0  endoknot  polyglactin  sutures  (Ethicon)  using 
extracorporeal  knotting.  It  is  important  to  close  the  defects 
in  the  vagina  and  bladder  separately.  Hemostasis  of  the 
vesicovaginal  space  and  fistula  area  is  essential.  A  peritoneal 
flap  is  obtained  superior  and  lateral  to  the  bladder  dome 
close  to  the  round  ligament  and  diverted  toward  the  bladder 
base.  The  flap  is  used  to  separate  the  vesicovaginal  space, 
and  it  is  secured  with  two  interrupted  polyglactin  sutures. 
The  dissected  peritoneal  area  heals  secondarily.  No 
intraperitoneal  drainage  is  used.  Following  the  procedure, 
a  suprapubic  catheter  is  inserted  and  ureteral  catheters  are 
removed. 


CONCLUSION 

Laparoscopy  can  be  an  alternative  to  laparotomy  in 
managing  several  disorders.  The  exposure  and  magnification 
afforded  by  video  laparoscopy  provide  direct  access  to  the 
fistula.  The  video  cystoscope  enhances  the  access, 
eliminating  the  need  for  bladder  dome  incision  for  exposure. 
The  fistula  is  resected  under  direct  observation  without 
ureteral  trauma.  An  edge-to-edge  approximation  of  the 
resected  fistula  is  preformed  without  difficulty.  The 
magnification  and  exposure  allow  meticulous  and  atraumatic 
bladder  dissection  and  fistula  resection.  The  bladder  capacity 
is  not  reduced  significantly.  There  is  no  tension  in  the  repair 
and  it  is  vascularized. 
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Essentials  of  Hysteroscopy 


DEFINITION 

Hysteroscopy  is  a  procedure  used  to  view  the  inside  of  the 
uterus  through  a  telescope-like  device  called  a  hysteroscope. 
The  hysteroscope  is  placed  in  the  vagina  and  introduced 
into  the  uterus  (Fig.  39.1). 

INDICATIONS 

•  Abnormal  uterine  bleeding 

•  Infertility 

•  Recurrent  pregnancy  loss 

•  Abnormal  hysterosalpingogram  revealing  intrauterine 
adhesions,  polyps,  fibroids,  septum 

•  Possible  intrauterine  foreign  bodies. 

CONTRAINDICATIONS 

•  Pregnancy 

•  Heavy  uterine  bleeding 


Fig.  39.1 :  Submucous  myoma 


•  Pelvic  inflammatory  disease 

•  Cervical  malignancy 

•  Recent  uterine  perforation. 

HISTORY  (FIGS  39.2A  AND  B) 

•  First  hysteroscope  with  cystoscope  of  desormeaux  by 
Pantaleoni  1869 

•  First  hysteroscope  with  built  in  lens  to  magnify  the 
image. 

DELIVERY  DEVICES 

•  Maximum  recommended  intrauterine  operating  pressure 
is  150  mm  Hg 

•  Intrauterine  pressure  is  a  function  of  inflow  pressure  and 
outflow  pressure 

•  Inflow  pressure  may  be  produced  by  gravity,  pressured 
cuffs  with  (pressure)  gauges,  or  approved  pumps. 

DISTENDING  MEDIA 

•  Group  A:  Isotonic  ionic  solutions  (Normal  saline, 
Ringer’s  lactate) 

•  Group  B:  5%  Dextrose  in  water 

•  Group  C:  1.5%  Glycine,  sorbitol,  cytal 

•  Group  D:  Hyskon  (32%  dextran  70). 

FLUID  MONITORING 

It  is  the  role  of  the  circulating  nurse  to  maintain  a  flow  sheet 
record  of  inflow  and  outflow  of  hysteroscopic  media  during 
the  case. 

For  groups  A,  B  and  C,  the  inflow  and  outflow  must  be 
estimated  for  every  500  cc  of  fluid  used  and  measured  at 
the  conclusion  of  each  bag  of  distending  media. 

For  group  D,  the  inflow  and  outflow  must  be  measured 
for  every  100  cc  of  fluid  used. 
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Figs  39.2A  and  B:  History  of  hysteroscopy:  (A)  First  hysteroscope  with  cystoscope  of  desormeaux  by  Pantaleoni; 
(B)  First  hysteroscope  with  built  in  lens  to  magnify  the  image 


The  operating  surgeon  will  be  informed  of  fluid  balance 
status  as  it  is  recorded  on  the  flow  sheet.  Spillage  should  be 
avoided. 

Use  of  a  table  drape  to  collect  excess  fluid  for  accurate 
recording  of  fluid  output  is  required. 

EXCESSIVE  FLUID  ABSORPTION 

The  recommended  volume  of  input  to  output  discrepancy 
at  which  point  the  surgeon  must  assess  serum  electrolytes 
(especially  sodium  concentration)  is: 

Group  A:  1  liter 
Group  B:  1  liter 
Group  C:  1  liter 
Group  D:  250  ml. 

Once  these  volumes  of  discrepancy  have  been  reached, 
serum  electrolytes  must  be  obtained  and  the  operating 
surgeon  has  the  option  of: 

Terminating  the  case:  Awaiting  the  results  of  the  electrolyte 
levels  and  proceeding  accordingly. 

Administering  Lasix  IV  and  judiciously  proceeding  with 
the  case  until  the  results  are  available. 

Resectoscope 

•  The  resectoscope  has  been  used  for  male  prostate 
surgery  for  over  50  years. 

•  The  resectoscope  with  a  built  in  wire  loop  or  other  shape 
device  uses  high-frequency  electrical  current  to  cut  or 
coagulate  tissue  (Figs  39.3A  and  B). 


Procedure 

Patient  position  is  shown  in  (Fig.  39.4).  Inside  of  the  uterus 
is  a  potential  cavity,  like  a  collapsed  air-dome,  it  is  necessary 
to  fill  (distend)  it  with  either  a  liquid  or  a  gas  (carbon  dioxide) 
in  order  to  see. 

Diagnostic  hysteroscopy  and  simple  operative 
hysteroscopy  can  usually  be  done  in  an  office  setting.  More 
complex  operative  hysteroscopy  procedures  are  done  in 
operating  room  setting  (Fig.  39.5). 

The  volumes  that  are  recommended  in  this  section  are 
not  based  on  established  “standards  of  care”  since  such 
standards  have  not  yet  been  clearly  formalized.  For  example, 
many  surgeons  use  1  liter  as  a  cut  off  for  D5W  while  others 
use  3  liters.  There  is  no  established  limit  for  the  volume  of 
D5W  that  can  safely  be  given  as  an  IV  solution  being  directly 
infused  into  the  circulation  of  a  healthy  person.  No  reports 
of  major  morbidity  associated  with  the  use  of  D5W  have 
been  reported  in  the  literature. 

Additional  patient  assessment  following  a  large  volume 
discrepancy  between  input  and  output  may  immediately 
involve  determination  of  serum  electrolytes.  If  a  significant 
time  has  passed  since  the  (presumed)  absorption  of  fluid, 
other  clinical  parameters  (if  available)  may  become  more 
informative  (evidence  of  tissue  edema,  an  increase  in  cardiac 
output  associated  with  volume  overload,  change  in  pulse 
oximetry  or  ventilation  parameters,  change  in  patient 
temperature  if  room  temperature  fluid  is  used. 

Use  a  resectoscope  with  continuous  flow  and  a  loop 
electrode  to  perform  most  of  hysteroscopic  surgery.  Any  of 
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Figs  39.3A  and  B:  (A)  Ball  electrode;  (B)  Resectoscope  loop 


Fig.  39.4:  Patient  position  in  hysteroscopy 


the  irrigation  system  for  distending  media  available  today  is 
not  sufficiently  accurate.  They  are  not  rapid  in  response  (so 
as  to  maintain  a  constant  pressure),  affordable,  and  easy  to 
use.  At  present,  many  gynecologists  use  a  simple  system  of 
placing  a  blood  pressure  cuff  around  each  one  liter  bag  of 
normal  saline  solution  to  be  used  and  apply  150  mm  Hg 
pressure  as  measured  on  a  gauge  attached  to  the  cuff  to  the 
pressure  cuff.  This  is  connected  to  the  inflow  port  on  the 
resectoscope  and  flow  is  then  adjustable  using  a  stopcock 
on  this  port.  Outflow  from  the  resectoscope  is  via  tubing 
that  connects  directly  to  a  suction  canister  under  full  wall 


suction.  The  outflow  port  also  has  a  stopcock  that  can  be 
used  to  adjust  the  outflow. 

The  circulating  nurse’s  primary  responsibility  during  the 
operative  hysteroscopy  is  to  maintain  pressure  on  the 
pressure  cuff  and  watch  the  inflow  and  outflow  balance.  The 
nurse  might  appropriately  report  this  balance  to  the  surgeon 
and  anesthesiologist  every  15  minutes  or  whenever  there  is 
a  significant  volume  of  use  (500  cc). 
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The  resectoscope’s  monopolar  electrocautery  loop  is 
attached  to  an  electrical  generator  with  variable  power 
(wattage)  settings.  For  any  given  power  setting  selected,  there 
are  also  various  blends  of  cutting  or  coagulation  that  can  be 
chosen.  Use  blend  1  which  applies  current  80  percent  of  the 
time  and  gives  just  a  little  coagulation  as  compared  to  pure 
cutting.  For  most  resectoscopic  use  50  to  80  watts  on  blend 
1  and  coagulate  bleeders  (if  not  initially  controlled  with  the 
blend  1  settings)  using  50  watts  at  pure  coagulation. 

Once  the  hysteroscopic  portion  of  the  case  is  completed, 
a  final  tabulation  of  inflow  and  outflow  volumes  for  the 
distending  media  is  done.  Direct  your  attention  to  the 
laparoscopy  once  the  hysteroscopy  is  complete.  A  uterine 
manipulator  is  placed  through  the  cervix. 

Laparoscope  should  be  inserted  now.  For  this  Veress 
needle  is  introduced.  Insufflation  of  the  abdomen  with  C02 
gas  so  as  to  create  a  pneumoperitoneum  is  accomplished  after 
“confirming  the  proper  placement”  of  the  Veress  needle. 

Once  the  pneumoperitoneum  is  created,  the  Veress  needle 
is  replaced  by  a  trocar  and  sleeve.  The  diameter  of  the  umbilical 
(main)  trocar  is  10  to  12  mm  so  that  this  instrument  can  cause 
considerable  injury  if  not  placed  properly  and  atraumatically 
into  the  abdominal  cavity.  The  presence  of  adhesions  (scar) 
that  elevates  the  bowel  to  the  anterior  abdominal  wall  is  a 
consistent  source  of  concern  for  laparoscopic  surgeons. 

If  abundant  adhesions  are  anticipated  such  that  the 
surgeon  believes  that  the  complication  rate  with  the  blind 
Veress  needle  and  trocar  insertion  is  unacceptably  high,  then 
“open  laparoscopy”  may  be  chosen.  Hasson  introduced  this 
technique  in  which  the  direct  insertion  of  the  trocar  without 
the  creation  of  a  prior  pneumoperitoneum  is  accomplished 
by  performing  a  cut  down  under  direct  observation  of  the 
layers  of  the  abdominal  wall.  Suture  holds  the  layers  of  the 
inner  abdominal  wall  (fascia  and  peritoneum)  to  the  trocar 
sleeve  to  prevent  the  release  of  gas  through  the  incision  site 
during  the  case.  Extreme  care  must  be  exercised  in  making 
the  peritoneal  incision  since  bowel  injury  to  adherent  bowel 
may  occur  under  direct  observation  as  well. 

Accessory  trocar  sites  are  usually  required  during  the 
laparoscopic  case.  Typically,  use  two  additional  sites  for 
placement  of  5  mm  (or  uncommonly  10  mm)  trocars  in  the 
suprapubic  midline  and  left  lower  quadrant.  All  accessory 
trocars  have  the  advantage  of  being  able  to  be  inserted  under 
direct  observation  so  injury  is  less  common.  One  injury 
associated  with  placement  of  the  accessory  trocars  is 
laceration  of  the  deep  inferior  epigastric  vessels  (which  may 
be  difficult  to  see  either  directly  or  via  transillumination). 
Injury  to  the  inferior  epigastric  vessels  can  be  consistently 
avoided  by  placement  of  the  additional  trocars  either  lateral 
to  the  internal  inguinal  ring  or  medial  to  the  umbilical 
ligaments  (two  structures  that  are  usually  easy  to  identify 
under  direct  laparoscopic  observation). 


Tools  that  are  selected  for  the  performance  of  the 
laparoscopic  surgery  should  allow  the  surgeon  to  minimize 
postoperative  adhesion  formation.  The  surgical  principles 
as  discussed  above  are  very  important  in  terms  of  achieving 
the  desired  outcome.  Gentle  tissue  handling  during 
laparoscopy  takes  a  great  deal  of  time  to  develop.  Avoidance 
of  bleeding  with  gentle  tissue  handling  is  important  and  so 
is  careful  hemostasis  using  (selective)  bipolar  cautery. 
Continuous  irrigation  and  aspiration  of  the  tissues  to  remove 
char  and  minimize  drying  should  be  second  nature  to  the 
laparoscopic  infertility  surgeon.  Use  of  cutting  instruments 
that  minimize  lateral  tissue  damage  is  also  a  primary  concern. 

Once  the  case  has  been  completed,  the  instruments  are 
removed  from  the  abdomen  allowing  for  the  efflux  of  C02 
gas.  Usually  take  additional  5  or  so  minutes  to  move  the 
abdominal  wall  and  contents  about  with  only  one  remaining 
trocar  sleeve  in  place  to  try  to  allow  any  trapped  gas  to 
escape.  Incisions  are  closed  with  subcuticular  stitches  so  as 
to  avoid  cosmetically  unpleasant  “railroad”  type  skin  scars. 
The  fascia  is  closed  on  any  incision  in  the  fascia  greater  than 
5  mm.  In  the  immediate  postoperative  recovery  time  period 
common  problems  include  nausea  and  vomiting,  most  likely 
related  to  the  C02  gas  or  the  narcotic  pain  medications  used 
perioperatively.  Zofran  is  often  the  most  effective  antiemetic 
agent  for  postlaparoscopic  vomiting.  The  nausea  and 
vomiting  does  not  typically  persist  for  more  than  12  hours 
postoperatively. 

Shoulder  pain  due  to  retained  C02  gas,  which  if  trapped 
under  the  diaphragm  (at  base  of  the  lungs)  causes  irritation 
of  the  phrenic  nerve  to  cause  the  sensation  of  shoulder  pain. 
Lying  on  one’s  abdomen  with  a  pillow  under  the  hips  and 
lower  abdomen  (or  the  knee  chest  position)  may  allow  the 
C02  gas  to  recollect  in  the  pelvis  rather  than  under  the  lungs 
and  reduce  this  discomfort. 

Subcutaneous  crepitance  (crackling)  under  the  skin  over 
the  abdomen  and  extending  superiorly  to  the  chest  and  neck 
or  interiorly  to  the  buttocks  and  thighs  is  typically  a  minor 
complication  due  to  escape  of  the  gas  into  the  abdominal 
wall.  A  rare  patient  develop  a  very  low  blood  pressure  (not 
related  to  blood  loss)  and  usually  responds  immediately  to 
a  bolus  of  IV  solution. 

Incisional  pain  is  usually  mild  but  the  internal  (visceral) 
pain  after  surgery  can  be  intense  and  may  require  narcotics 
or  anti-inflammatory  agents.  Reportedly  a  heating  pad 
applied  to  the  abdomen  may  also  be  helpful. 

If  a  large  volume  of  fluid  is  left  in  the  abdomen  at  the 
conclusion  of  the  case  then  leakage  through  the  incision  sites 
is  common  for  up  to  2  days. 

The  surgeon  should  be  called  if  there  is  a  fever  (greater 
than  100  degrees)  or  chills,  heavy  or  prolonged  vaginal 
bleeding,  heat  or  swelling  of  the  incision  sites,  frequency  or 
burning  on  urination,  severe  pelvic  pain,  persistent  nausea 
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or  vomiting,  faintness  or  dizziness,  inability  to  spontaneously 
urinate. 

Postoperative  urinary  retention  occurs  more  often  in 
cases  that  last  longer  than  2  hours.  If  the  patient  is  not  able 
to  void  within  4  to  5  hours  postoperative  (and  after  removal 
of  the  Foley’s  catheter)  then  she  should  be  straight 
catheterized  for  the  residual  volume  of  urine  and  she  should 
try  to  void  spontaneously  once  again.  Do  not  allow  patients 
to  go  home  until  either  they  can  void  spontaneously  or  they 
have  an  indwelling  Foley’s  catheter  placed  (for  about  1  day). 

Complications  of  Operative  Hysteroscopy 

•  Trauma 

-  Cervical  laceration 

-  Uterine  perforation 

-  Injury  to  intra-abdominal  viscera-rectum,  bladder, 
intestine. 

•  Intravasation:  Predisposing  factors  for  venous 
intravasation  of  distending  media: 

-  Uterine  tuberculosis 

-  Submucous  tumor 

-  Hypoplastic  uterus 

-  Recently  traumatized  uterine  cavity 

-  Proximal  tubal  obstruction 

-  Excessive  pressure  of  instillation 

-  Infection. 

•  Exacerbate  latent  salpingitis 

•  PID 

•  Febrile  reaction 

•  Bleeding 

•  Peritonitis. 

Safety  Measures 

Dilatation  of  the  Cervix 

The  cervix  must  be  dilated  in  order  to  enter  the  hysteroscope 
into  the  uterine  cavity.  Most  resectoscope  has  an  outer  sheath 
diameter  of  about  9  mm  so  that  cervical  dilation  using 
mechanical  dilators  must  be  at  least  this  amount.  It  is  optimal 
to  avoid  over  dilation  of  the  cervix  since  leakage  of  the 
distending  media  through  the  cervix  and  around  the 
hysteroscope  (especially  under  pressures  of  about  150  mm 
Hg)  then  becomes  possible. 

Some  cervical  canals  are  difficult  to  negotiate  with 
dilators.  Different  dilators  have  a  variable  amount  of 
curvature  to  choose  from.  It  is  possible  to  perforate  the  lower 
uterine  segments  during  dilation.  Clinical  situations  in  which 
perforation  is  more  common  include  dilation  of  the  pregnant 
uterus,  fibroid  uterus,  uterus  of  a  women  exposed  to  DES 
in  utero ,  uterus  after  exposure  to  prostaglandins  for  cervical 
ripening,  and  infected  uterus.  Many  cases  of  perforation 


occur  at  the  onset  of  dilation  and  the  subsequent  dilators 
then  continue  to  open  the  perforation  site. 

Occasionally,  a  rent  in  the  lower  uterine  segment  occurs 
during  dilation.  It  is  thought  that  rapid  dilation  or  a  difficult 
dilation  involving  a  stenotic  inflexible  cervix  may  enhance 
the  frequency  of  these  tears.  It  is  possible  for  a  tremendous 
amount  of  distending  media  to  become  intravasated  through 
these  rents  and  into  the  large  vessels  of  the  lower  uterine 
region  if  they  are  transacted. 

Cervical  incompetence  following  hysteroscopic  surgery 
is  rarely  reported  but  theoretically  possible.  The  cervix  is 
composed  of  a  tough  fibro  connective  tissue  and  smooth 
muscle.  Closure  of  the  internal  os  of  the  cervix  is  the  general 
rule  even  following  manual  dilatation  of  up  to  15  mm. 

Bleeding 

The  pressure  maintained  in  the  uterine  cavity  may  (but 
generally  should  not)  exceed  both  the  venous  and  the  arterial 
pressures  so  that  active  blood  flow  from  transacted  vessels 
may  not  become  apparent  until  the  uterus  is  deflated.  At 
lesser  pressures,  bleeding  can  be  identified  and  usually 
controlled.  If  there  is  excessive  bleeding  following  destructive 
procedures  such  as  endometrial  ablation,  it  can  be  frequently 
controlled  by  tamponade  using  an  inflated  Foley’s  catheter 
balloon  (10-30  ml  for  up  to  16  hours)  in  the  uterus. 
Sometimes  the  excessive  flow  can  be  controlled  with 
estrogens  hormonal  therapy  (if  due  to  denuding  the  lining). 

Excessive  Intravasation  of  Distending  Media  or  C02  Gas 

Whenever  vessels  are  transacted  during  hysteroscopic 
surgery  and  either  fluid  or  gas  is  entered  into  the  uterine 
cavity  under  pressure  there  is  a  possibility  of  intravasation 
(entry  of  these  substances  into  the  circulation). 

D5W  (5%  Dextrose  in  water)  is  a  good  distending  media 
for  diagnostic  hysteroscopy.  Major  complications  with  this 
solution  are  very  rare.  In  fact,  there  are  no  reports  in  the 
world  literature  of  major  morbidity  or  mortality  with  the  use 
of  D5W  at  hysteroscopy.  Possible  complications  include 
water  intoxication  (a  reduction  in  serum  osmolality)  with  a 
dilutional  reduction  in  sodium  concentration,  volume 
overload  (when  the  circulating  volume  in  the  vascular  system 
exceeds  the  ability  of  the  heart  to  adequately  pump  this 
volume  and  the  excess  fluid  typically  begins  to  collect  in  the 
tissues  of  the  lungs,  hypothermia  (significant  reduction  in 
body  temperature)  if  room  temperature  solutions  are  used 
without  warming  the  patient  with  devices  like  a  “Bair 
Hugger”  and  hyperglycemia  (significant  excess  in  circulating 
glucose  concentration  that  may  not  be  rapidly  metabolized 
if  the  patient  has  insulin  resistance  or  diabetes  mellitus). 

The  major  complication  that  most  hysteroscopic 
surgeon’s  focus  on  avoiding  is  water  intoxication.  The  risk 
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of  water  intoxication  from  D5W  in  a  healthy  woman  with 
normal  renal  function  is  very  low,  since  the  kidneys  can 
typically  produce  in  excess  of  1000  cc  of  dilute  urine  in 
response  to  a  decrease  in  serum  osmolarity. 

Adhesions 

Following  hysteroscopic  surgery,  there  is  a  chance  of 
adhesion  (scar)  formation.  If  significant  electrocoagulation 
is  used  within  the  uterine  cavity  in  the  infertility  patient. 

Intraoperative  estrogen  IV  (25  or  50  mg  of  Fremarin) 
and  at  least  a  30  day  course  of  higher  dose  Premarin 
postoperatively  (1.25  mg  or  preferably  2.5  mg  if  tolerated) 
should  be  used. 

Bum  Injury  to  the  Bowel 

When  resectoscopic  electrosurgery  is  performed  in  the  area 
of  the  uterine  ostia  (near  the  entry  site  of  the  fallopian  tubes) 
there  is  a  chance  of  thermal  injury  to  adjacent  tissue  outside 
the  uterine  cavity.  This  is  because  the  uterine  wall  in  these 
regions  is  very  thin  and  heat  from  the  cautery  can  travel 
through  the  uterine  wall  and  burn  adjacent  bowel. 

Infection 

Endometritis  is  uncommon  after  operative  hysteroscopy  and 
antibiotics  are  usually  not  “routinely”  given.  The  potential 
benefits  of  antibiotics  outweigh  their  risks  when  exposure  to 
infection  occurs. 

Hysteroscopy  in  Abnormal  Uterine  Bleeding  (Fig.  39.6) 

Hysteroscopy  in  Cases  of  Infertility 

Diagnostic  laparoscopy  in  hyteroscopy  shown  in  (Figs  39.7 
to  39.12). 


Fig.  39.7:  Septate  uterus 


Fig.  39.8:  Forgotten  IUD 


Fig.  39.6:  Submucous  myoma 


Fig.  39.9:  Salpingo-catheterization 
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Figs  39.1  OA  to  C:  Bicornuate  uterus 


Figs  39.11  A  to  F:  Intramural  myoma 
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Figs  39.1 2A  to  C:  Submucous  myoma 
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Tubal  Cause  of  Infertility 

To  clarify  tubal  cause  of  infertility: 

Ureteric  catheter  used  to  cannulate  tube 

•  Intracavitary  pressure  rises 

•  Flow  rate  falls 

•  Salpingo-catheterization  not  possible 

•  Inability  to  induce  contraction  of  tubal  angle  (Post- 

inflammatory  fibrosis) 

•  Combined  laparoscopy  and  hysteroscopy  used  for  tubal 

patency  test  and  therapeutic  options. 

Hysteroscopic  Correlation  and  Diagnosis 

Contraindications  of  Hysteroscopy 

•  Absolute 

-  Adnexal  and  endometrial  infection 

•  Relative 

-  Menstruation 

-  Cone  biopsy  of  cervix 

-  Pelvic  irradiation 

-  Cardiac  and  pulmonary  diseases 

-  Scarred  uterus  and  adhesions. 
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Ureteral  Injury  and  Laparoscopy 


URETERAL  INJURIES 

Ureteral  injury  is  one  of  the  most  serious  complications  of 
gynecologic  surgery.  Ureteral  injury  during  laparoscopic 
surgery  has  become  more  common  as  a  result  of  the 
increased  number  of  laparoscopic  hysterectomies  and 
retroperitoneal  procedures  that  are  being  performed. 
Consequently,  prevention  of  ureteral  injuries  should  be  a 
priority  during  laparoscopic  gynecologic  surgery.  When  a 
ureteral  injury  does  occur,  quick  recognition  of  the  problem 
and  a  working  knowledge  of  its  location  and  treatment  are 
essential  in  providing  patients  with  optimal  medical  care. 
Detailed  anatomic  knowledge  of  the  retroperitoneum  is 
necessary  to  prevent  ureteral  injuries. 

The  ureters  are  retroperitoneal  tubular  structures  that 
extend  from  the  renal  pelvis,  coursing  medially  and  interiorly 
to  the  bladder  (Fig.  40.1).  Each  ureter  travels  interiorly  along 
the  psoas  muscle  and  crosses  the  iliac  vessels  at 
approximately  the  level  of  the  bifurcation  of  the  common 
iliac  arteries.  In  females,  the  ureter  is  crossed  anteriorly  by 
the  ovarian  vessels  as  they  enter  the  pelvis.  Interiorly,  they 
are  crossed  anteriorly  by  the  uterine  artery.  At  this  point, 
they  enter  the  cardinal  ligament,  approximately  1.5  to  2.0 
cm  lateral  to  the  cervix  before  their  insertion  into  the  trigone 
of  the  bladder  (Fig.  40.1). 

The  ureters  derive  their  blood  supply  from  the  renal 
artery,  aorta,  gonadal  artery,  and  common  iliac  artery  while 
they  traverse  intra-abdominally.  These  vessels  approach  the 
ureter  from  its  medial  side  and  course  longitudinally  within 
the  periureteral  adventitia.  In  the  pelvis,  the  ureter  derives 
its  blood  supply  from  the  internal  iliac  artery  or  its  branches. 
These  vessels  approach  the  ureter  from  its  lateral  side  and 
also  course  longitudinally  within  the  periureteral  adventitia. 

A  significant  ureteral  injury  is  defined  as  any  recognized 
or  unrecognized  iatrogenic  trauma  to  the  ureter  that  prevents 
it  from  functioning  properly  or  effectively.  The  injury  may 
lead  to  acute  ureteral  obstruction  (e.g.  a  ureter  that  is 


inadvertently  ligated)  or  discontinuity  (i.e.  inadvertent  ureteral 
resection).  If  an  injury  to  the  ureter  has  occurred  and  is 
unrecognized,  it  may  lead  to  chronic  ureteral  obstruction  (i.e. 
crush  injury,  ischemia)  or  the  formation  of  fistulas. 

FREQUENCY  OF  URETERAL  INJURY 

The  frequency  of  ureteral  injury  following  gynecologic 
surgery  is  approximately  1  percent,  with  a  higher  percentage 
of  injuries  occurring  during  abdominal  hysterectomies  and 


Ovarian 

artery 


Fallopian 

tube 


Ovary 


Ureter 

Ovarian 

vein 


External 
iliac  vein 


External 
iliac  artery 


Fig.  40.1:  Anatomy  of  ureter 


444 


Section  4:  Laparoscopic  Urology 


partial  vaginectomies.  Patients  who  have  received  pelvic 
radiation  or  who  have  advanced  pelvic  cancers  requiring 
extensive  surgical  procedures  are  more  likely  to  experience 
a  ureteral  injury  (Fig.  40.2). 

The  rate  of  ureteral  injuries  in  laparoscopic  procedures 
varies.  While  some  physicians  report  that  laparoscopic 
procedures  have  an  equivalent  rate  of  ureteral  stricture 
formation  secondary  to  ureteral  injury,  other  authors  argue 
that  the  rate  of  ureteral  strictures  is  significantly  higher.  More 
research  is  necessary  before  a  definitive  statement  can  be 
made  regarding  the  rates  of  ureteral  injury  during 
laparoscopy. 

Etiology 

The  six  most  common  mechanisms  of  operative  ureteral 
injury  are  as  follows: 

•  Crushing  from  misapplication  of  a  clamp 

•  Ligation  with  a  suture 

•  Transection  (partial  or  complete) 

•  Angulation  of  the  ureter  with  secondary  obstruction 

•  Ischemia  from  ureteral  stripping  or  electrocoagulation 

•  Resection  of  a  segment  of  ureter 

•  Excessive  use  of  Monopoler  which  creates  remote  injury 
of  ureter. 

Any  combination  of  these  injuries  may  occur. 

Several  predisposing  factors  have  been  identified  in 
iatrogenic  urologic  injury.  These  factors  include  uterus  size 
larger  than  12  weeks  gestation,  ovarian  cysts  4  cm  or  larger, 
endometriosis,  pelvic  inflammatory  disease,  prior  intra¬ 
abdominal  operation,  radiation  therapy,  advanced  state  of 


malignancy,  and  anatomical  anomalies  of  the  urinary  tract. 
Ureteral  injuries  can  be  either  expected  or  unexpected,  and 
they  may  be  the  result  of  carelessness  or  due  to  a  technically 
challenging  procedure. 

LEVEL  OF  URETERAL  INJURIES 

Intraoperative  ureteral  injury  may  result  from  transection, 
ligation,  angulation,  crush,  ischemia,  or  resection  (Fig.  40.1). 

There  are  three  specific  anatomic  locations  for  potential 
ureteral  injury  during  gynecologic  laparoscopy: 

•  At  the  infundibulopelvic  ligament 

•  At  the  ovarian  fossa,  and 

•  In  the  ureteral  canal. 

Among  all  the  ureteral  injuries  14.3  percent  occurred  at 
or  above  the  level  of  the  pelvic  brim,  11.4  percent  occurred 
at  or  above  the  uterine  artery,  and  8.6  percent  occurred  at 
the  level  of  the  bladder  (Fig.  40.3).  The  initial  procedure  in 
20  percent  of  these  cases  was  laparoscopic-assisted  vaginal 
hysterectomy.  Alterations  to  normal  anatomy  may  also 
hinder  identification  of  the  ureters  as  in  severe  endometriosis, 
which  may  involve  the  ureter  and  also  cause  intraperitoneal 
adhesions. 

PREVENTION  OF  URETERAL  INJURY 

Injury  to  the  ureters  can  be  prevented  by  meticulous  surgical 
technique  and  adequate  visualization. 

Techniques  to  enhance  visualization  include: 

•  Ureteral  catheterization  with  lighted  stent:  Ureteral 
catheterization  with  lighted  stents  have  been  used  to  assist 
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in  identifying  the  location  of  the  ureters  during 
laparoscopic  surgery  to  help  prevent  iatrogenic  injury.  If 
the  lighted  stents  are  not  visible  during  laparoscopic 
surgery,  4  options  are  available,  as  follows: 

-  Change  the  intensity  of  the  laparoscopic  lighting.  By 
dimming  the  lights,  the  light  from  the  stent  may 
become  visible. 

-  Change  the  camera  to  a  different  port. 

-  Identify  the  ureter  where  it  is  visible  and  follow  it 
down  to  the  surgical  field. 

-  Convert  to  an  open  procedure  so  that  the  ureter  can 
be  palpated  and  identified. 

Although  ureteral  catheterization  helps  to  identify 
the  ureters.  However,  in  a  large  review  of  major 
gynecologic  surgeries,  Kuno  et  al.  found  that  ureteral 
catheterization  did  not  substantially  reduce  the  risk  of 
ureteral  injury.  The  surgeon  must  practice  meticulous 
surgical  technique  and  have  intimate  knowledge  of 
the  ureter's  course  to  prevent  ureteral  injury. 

•  Hydrodissection :  By  making  a  small  opening  in  the 
peritoneum  and  injecting  50  to  100  ml  of  lactated 
Ringer's  or  normal  saline  solution  along  the  course  of 
the  ureter,  one  can  displace  the  ureter  laterally  and  create 
a  safe  plane  within  which  to  operate. 

•  Preoperative  intravenous  pyelogram :  Intravenous 
pyelogram  (IVP)  has  been  used  to  locate  the  ureters  in 
high-risk  patients  with  potentially  distorted  anatomy; 
however,  this  did  not  decrease  the  risk  of  ureteral  injury. 

RECOGNITION  OF  URETERAL  INJURY 

Once  a  ureteral  injury  is  suspected,  the  ureter  must  be 
identified  to  assess  the  severity  of  the  injury.  Ureteral  injury 
should  be  suspected  with  the  presence  of  hematuria  or 
urinary  extravasation.  Intravenous  indigo  carmine  may  be 
given  to  aid  in  the  diagnosis  and  localization  of  the  site  of 
injury.  Unfortunately,  the  majority  of  ureteral  injuries  are 
diagnosed  in  the  postoperative  period.  Patients  who  present 
with  postoperative  fever,  flank  pain,  and  leukocytosis  should 
undergo  evaluation  for  ureteral  injury. 

Pathophysiology 

The  pathophysiology  of  ureteral  injury  depends  on  many 
factors,  including  the  type  of  injury  and  when  the  injury  is 
identified.  Numerous  consequences  may  occur  after  ureteral 
injury,  including  spontaneous  resolution  and  healing  of  the 
injured  ureter,  hydronephrosis,  ureteral  necrosis  with  urinary 
extravasation,  ureteral  stricture  formation,  and  uremia. 

Spontaneous  Resolution  and  Healing 

If  the  injury  to  the  ureter  is  minor,  easily  reversible,  and 
noticed  immediately,  the  ureter  may  heal  completely  and 


without  consequence.  Inadvertent  ligation  of  the  ureter  is 
an  example  of  such  an  injury.  If  this  injury  is  noticed  in  a 
timely  fashion,  the  suture  can  be  cut  off  the  ureter  without 
significant  injury. 

Hydronephrosis 

If  complete  ligation  of  the  ureter  occurs,  the  urine  from  the 
ipsilateral  kidney  is  prevented  from  draining  into  the  bladder, 
leading  to  hydronephrosis  and  progressive  deterioration  of 
ipsilateral  renal  function.  These  events  may  occur  with  or 
without  symptoms.  If  the  urine  in  this  obstructed  system 
becomes  infected,  the  patient  will  almost  certainly  become 
septic  with  pyonephrosis. 

Ureteral  Necrosis  with  Urinary  Extravasation 

In  complete  unrecognized  ligation  of  the  ureter,  a  section  of 
the  ureteral  wall  necrosis  because  of  pressure-induced 
ischemia.  The  ischemic  segment  of  the  ureter  eventually 
weakens,  leading  to  urinary  extravasation  into  the 
periureteral  tissues.  If  the  urinary  extravasation  drains  into 
the  adjacent  peritoneum,  urinary  ascites  may  develop.  If 
the  urinary  ascites  is  infected,  peritonitis  may  ensue.  If  the 
peritoneum  has  remained  closed,  a  urinoma  may  form  in 
the  retroperitoneum. 

Ureteral  Stricture 

Ureteral  stricture  may  occur  when  the  adventitial  layer  of  the 
ureter  is  stripped  or  electrocoagulated.  When  the  adventitia, 
the  outer  layer  of  the  ureter  that  contains  the  ureteral  blood 
supply,  is  disturbed  by  either  stripping  or  electrocoagulation, 
ischemia  to  a  particular  segment  of  ureter  may  result.  Ischemic 
strictures  of  the  ureter  may  then  develop,  leading  to 
obstruction  and  hydronephrosis  of  the  ipsilateral  kidney. 

Uremia 

Uremia  results  when  ureteral  injury  causes  total  urinary 
obstruction.  This  may  result  from  bilateral  ureteral  injury  or 
from  a  unilateral  injury  occurring  in  a  solitarily  functioning 
kidney.  Anuria  is  the  only  immediate  sign  of  imminent 
uremia.  These  cases  require  immediate  intervention  to 
preserve  renal  function. 

Management 

Depending  on  the  type,  duration,  and  location  of  the  ureteral 
injury,  surgical  treatment  may  range  from  simple  removal  of 
a  ligature  to  ureteroneocystostomy  (Flow  chart  40.1).  The 
most  common  surgical  treatments  for  ureteral  injury  are  simple 
removal  of  a  ligature,  ureteral  stenting,  ureteral  resection  and 
ureteroureterostomy,  transureteroureterostomy,  and 
ureteroneocystostomy. 
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Flow  chart  40.1:  Treatment  logarithm  of  ureteric  injuries 


Treatment  depend  on  time  of  recognition 


Postoperative 


Immediate  repair 

•Small  perforation  D/J  insertion 

•  Partial  injury  suturing  repair  +  D/J 

•  Transection  end-to-end  anastomosis  +  D/J 


Early 


Late 


■  URS  +  D/J 

■  Tied  suture  removal 

■  End-to-end  anastomosis 

■  Reimplantations 


End-to-end  repair 
■  Reimplantation 
Boari  flap  repair 


Observation 

If  a  clamp  or  ligature  constricting  the  ureter  is  discovered, 
the  clamp  or  ligature  should  be  removed  immediately,  and 
the  ureter  should  be  examined.  If  ureteral  peristalsis  is 
preserved  and  it  is  believed  that  minimal  damage  has 
occurred,  the  ureter  injury  may  be  managed  with 
observation. 

Ureteral  Stenting  with  or  without  Ureterotomy 

If  tissue  ischemia  or  a  partial  transection  of  the  ureteral  wall 
is  suspected,  a  ureteral  stent  should  be  placed.  The  purpose 
of  the  stent,  which  is  typically  placed  cystoscopically,  is  to 
act  as  a  structural  backbone  onto  which  the  healing  ureter 
may  mold.  It  also  guarantees  drainage  of  urine  from  the 
renal  pelvis  directly  to  the  urinary  bladder.  It  also  can  work 
as  a  gentle  dilator  since  it  moves  slightly  in  an  up-and-down 
motion,  associated  with  breathing,  as  the  kidney  unit  moves. 
The  use  of  the  stent  is  thought  to  minimize  the  rate  of 
obstruction  of  a  ureteral  stricture  in  the  injured  area. 

Alternatively,  a  ureterotomy  may  be  made  along  the 
length  of  the  injured  or  strictured  section  of  ureter  before 
placement  of  a  stent.  Davis  described  this  technique  in  1943 
(the  Davis  intubated  ureterotomy)  in  which  a  ureterotomy 
is  made  and  left  open  over  the  stent.  The  ureter  eventually 
heals  to  form  a  watertight  closure  over  the  stent.  The  stent  is 
withdrawn  6  weeks  after  it  is  placed,  as  it  is  estimated  that 
all  ureteral  healing  has  occurred  by  that  time. 

The  principles  of  the  Davis  intubated  ureterotomy  have 
been  extended  to  endoscopic  treatments  of  ureteral 
strictures.  Ureteroscopic  endoureterotomy  and  Acucise 


endoureterotomy  are  two  modalities  that  are  used  to  attempt 
to  treat  the  segment  of  strictured  ureter  endoscopically  by  a 
longitudinal  full-thickness  ureteral  incision,  followed  by  a 
stent  placement.  The  success  of  these  procedures  closely 
resembles  the  success  of  the  open  Davis  intubated 
ureterotomy,  which  approaches  80  percent  patency  at  3 
years. 

Ureteral  Resection  and  Ureteroureterostomy 

The  establishment  of  an  anastomosis  between  two  ureter  or 
between  two  segments  of  the  same  ureter.  This  end-to-end 
anastomosis  between  two  portions  of  a  transected  ureter 
can  be  done  by  open  as  well  as  laparoscopic  surgery.  If 
extensive  ischemia  or  necrosis  is  the  result  of  an  injury,  the 
ureter  injury  is  best  treated  by  excising  the  injured  segment 
of  the  ureter  and  re-establishing  continuity  with  the  urinary 
system.  If  the  ureteral  injury  occurred  above  the  pelvic  brim, 
the  simplest  reconstruction  is  a  ureteroureterostomy,  a 
procedure  that  is  indicated  for  injuries  to  short  segments  of 
the  ureter  (i.e.  <  2  cm),  in  which  an  anastomosis  is 
performed  between  the  2  cut  edges  of  the  ureter. 

Transureteroureterostomy 

Transureteroureterostomy  (TUU)  is  a  urinary  reconstruction 
technique  that  is  used  to  join  one  ureter  to  the  other  across 
the  midline.  It  offers  patients  with  distal  ureteral  obstruction 
an  option  to  live  without  external  urostomy  appliances  or 
internal  urinary  stents.  TUU  is  also  used  in  undiversion 
procedures  when  the  surgeon  wants  to  avoid  the  pelvis 
because  of  previous  trauma,  surgery,  or  radiation  therapy. 
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If  ureteroureterostomy  cannot  be  performed  technically  and 
the  defect  is  too  proximal  in  the  ureter  for  ureteroneo- 
cystostomy,  transureteroureterostomy  may  be  performed. 
Absolute  contraindications  to  transureteroureterostomy 
include  urothelial  cancer,  contralateral  reflux,  pelvic 
irradiation,  retroperitoneal  fibrosis,  or  chronic  pyelonephritis. 
Stone  disease,  which  was  once  considered  an  absolute 
contraindication,  is  now  considered  a  relative 
contraindication  by  some  urologists,  based  on  the  current 
ability  to  prevent  stone  formation  in  over  90  percent  of 
patients  with  medical  therapy. 

Ureteroneocystostomy 

An  operation  to  implant  the  upper  end  of  a  transected  ureter 
into  the  bladder.  If  the  ureteral  injury  occurred  below  the 
pelvic  brim,  where  visualization  of  the  ureter  is  difficult  and 
where  the  vesical  pedicles  overlie  the  ureter, 
ureteroureterostomy  is  often  too  difficult  to  perform.  In  these 
cases,  2  types  of  ureteroneocystostomy  procedures  are 
indicated,  either  a  psoas  hitch  or  a  Boari  flap,  in  which  the 
bladder  is  mobilized  to  reach  the  easily  identifiable  ureter 
proximal  to  the  injury.  Boari  flaps  are  contraindicated  in 
patients  with  prior  pelvic  radiation,  a  history  of  bladder  cancer, 
or  any  condition  with  a  thick,  hypertrophied  bladder  wall. 

Preoperative  Details 

If  consultation  with  a  urologist  is  indicated  intraoperatively, 
the  urologist  dictates  no  specific  preoperative  preparation. 
If  a  ureteral  injury  is  identified  after  the  patient  is  stabilized 
following  the  initial  gynecologic  operation,  a  discussion  is 
conducted  regarding  the  possible  treatment  options. 
Preoperative  antibiotics  that  target  urinary  organisms  should 
be  administered.  If  patients  are  persistently  febrile  secondary 
to  a  potentially  infected  and  obstructed  renal  unit, 
percutaneous  nephrostomy  on  the  affected  side  may  be 
indicated.  Pertinent  radiographic  studies  (e.g.  IVU,  CT  scan) 
may  be  used  to  help  define  the  location  of  ureteral  injury 
preoperatively. 

Intraoperative  Details 

Ureteral  Stent  Placement  with  or  without  Ureterotomy 

The  perineum  of  patient  should  be  prepared  and  draped  in 
the  standard  sterile  manner  and  while  the  patient  sedated 
adequately  or  anesthesized,  a  cystoscope  should  be  inserted 
into  the  bladder. 

After  the  bladder  is  examined  and  the  ureteral  orifices 
are  identified,  the  ureteral  orifice  on  the  side  of  the  injury 
should  be  cannulated  with  a  ureteral  catheter.  A  dilute 
cystografin-gentamicin  mixture  should  be  injected  slowly 
through  the  ureteral  catheter  under  fluoroscopy.  Fluoroscopy 


should  be  reveal  the  course  of  the  ureter  and  identifying 
potential  sites  of  injury. 

A  Teflon-coated  guidewire  should  be  placed  under 
fluoroscopic  guidance  through  the  ureteral  catheter  and  up 
the  ureter  into  the  renal  pelvis.  A  double-J  stent  should  be 
placed  over  the  wire  and  pushed  so  that  its  proximal  J- 
hook  is  placed  within  the  renal  pelvis  and  its  distal  J-hook  is 
within  the  bladder.  Then,  the  wire  is  pulled,  and  the  stent 
position  is  reaffirmed  fluoroscopically.  Proper  length  of  the 
stent  can  be  estimated  from  the  measured  length  of  the  ureter 
on  retrograde  pyelography  from  the  ureteral  orifice  to  the 
ureteropelvic  junction.  Allowing  for  roughly  10  percent 
magnification  from  the  radiograph,  subtract  2  to  3  cm  and 
select  that  length  ureteral  stent.  If,  after  placement,  the  stent 
is  not  well  positioned  because  of  inadequate  or  surplus 
length,  it  is  best  to  replace  it  with  a  stent  of  proper  dimensions 
(Fig.  40.4). 

If  an  endoscopic  ureterotomy  is  to  be  made,  prior  to 
placing  the  stent,  retrograde  pyelography  should  be 
performed  to  delineate  the  ureteral  anatomy,  and  a  Teflon- 
coated  guidewire,  acting  as  a  safety  wire,  is  positioned  into 
the  renal  pelvis  and  out  through  the  urethra. 

With  ureteroscopic  endoureterotomy,  a  rigid 
ureteroscope  should  be  placed  through  the  ureteral  orifice 
and  into  the  ureter  lumen  until  the  ureteral  lesion  can  be 
visualized.  The  ureteral  stricture  is  then  cut  with  a  probe 
from  a  number  of  cutting  modalities,  including  Holmium 
laser  or  electrocautery.  A  full-thickness  incision  through  the 
ureteral  wall  should  be  made  until  periureteral  fat  is 
visualized.  Retrograde  pyelography  should  be  performed; 


Fig.  40.4:  Stent  in  the  ureter 


448 


Section  4:  Laparoscopic  Urology 


extravasation  of  contrast  outside  the  ureter  should  be  seen. 
A  wide-caliber  ureteral  stent  should  be  then  placed  (usually 
8F)  in  the  fashion  described  above. 

If  Acucise  endoureterotomy  is  performed,  the  Acucise 
device  should  be  placed  over  the  safety  wire.  Once  position 
is  confirmed  via  fluoroscopic  guidance  and  the  orientation 
of  the  cut  is  set,  the  Acucise  balloon  is  inflated  and 
electrocautery  is  instituted.  The  Acucise  device  should  be 
withdrawn,  retrograde  pyelography  should  be  performed 
to  confirm  extravasation,  and  a  wide-caliber  ureteral  stent 
should  be  placed  in  the  fashion  described  above. 

The  formal  Davis  intubated  ureterotomy  is  typically 
performed  intraoperatively  only  when  consultation  with  a 
urologist  is  called  for  while  the  patient  is  open.  In  this  case, 
the  injured  ureter  is  cut  sharply  in  a  longitudinal  fashion.  A 
stent  then  can  be  placed  to  the  kidney  and  bladder  through 
the  ureteral  incision. 

Ureteroureterostomy 

End-to-end  anastomosis  of  the  two  portions  of  a  transected 
ureter.  If  the  urologist  is  asked  to  evaluate  the  ureteral  lesion 
intraoperatively,  further  dissection  of  the  existing  exposure 
is  often  necessary,  because  the  lack  of  exposure  is  the  most 
likely  contributor  to  the  injury.  Additional  blunt  and  sharp 
dissection  is  often  necessary  to  adequately  identify  the  ureter 
and  its  course. 

If  the  ureteral  injury  is  discovered  after  the  initial 
gynecologic  procedure,  the  urologist  must  decide  whether 
to  enter  through  the  original  incision  and  approach  the  ureter 
transperitoneally  or  to  make  a  new  incision  and  approach 
the  ureter  using  a  retroperitoneal  approach.  Either  approach 
is  acceptable,  and  each  has  distinct  advantages  and 
disadvantages. 

If  one  decides  to  enter  through  a  previous  midline 
incision,  intraperitoneal  adhesions  may  complicate  the 
dissection;  however,  this  approach  spares  the  patient  an 
additional  incision. 

In  contrast,  if  a  modified  Gibson  incision  is  made  to 
approach  the  ureter  retroperitoneally,  the  dissection  may 
be  less  challenging  technically  because  it  avoids  the 
adhesions  of  the  peritoneal  cavity,  but  the  patient  is  left  with 
an  additional  incision. 

Regardless  of  the  approach,  a  Foley  catheter  is  placed 
and  the  patient  is  prepared  and  draped  in  a  sterile  manner. 

In  the  transperitoneal  approach,  an  incision  is  made 
though  the  scar  of  the  old  incision.  The  dissection  is  extended 
down  to  the  peritoneal  cavity,  and  once  the  small  bowel 
and  colon  are  identified,  a  vertical  incision  is  made  along 
the  left  side  of  the  small  bowel  mesentery.  Blunt  dissection 
is  performed  in  the  retroperitoneum  until  the  desired  ureter 
is  identified.  If  the  inferior  mesenteric  artery  limits  the 
exposure,  it  can  be  divided  without  consequence.  If  the  left 


lower  ureter  is  the  area  of  the  injury,  the  sigmoid  can  be 
mobilized  medially  to  gain  adequate  exposure. 

In  the  retroperitoneal  approach,  after  the  incision  is 
made,  the  external  oblique,  internal  oblique,  and  transversus 
abdominus  muscles  are  dissected  in  a  muscle-splitting 
manner.  Once  the  transversalis  fascia  is  incised,  take  care 
not  to  enter  the  peritoneal  cavity.  The  peritoneum  and  its 
contents  are  retracted  medially,  and  the  ureter  is  located  in 
its  extraperitoneal  position. 

The  ureter  is  most  consistently  found  at  the  bifurcation 
of  the  common  iliac  artery,  but  it  is  often  difficult  to  identify, 
especially  when  dilated.  Steps  that  can  differentiate  the  ureter 
from  a  blood  vessel  with  a  similar  appearance  include 
pinching  the  structure  with  forceps  and  watching  for 
peristalsis.  If  peristalsis  occurs,  the  ureter  has  been  identified. 
Additionally,  a  fine  needle  can  be  placed  into  the  lumen  of 
the  questionable  structure.  If  urine  is  retrieved  through 
aspiration,  the  ureter  has  been  identified;  if  blood  is 
aspirated,  the  structure  is  a  blood  vessel. 

Once  the  ureter  is  identified  and  dissected  from  its 
surrounding  tissues,  the  diseased  segment  is  excised.  Take 
particular  care  not  to  disrupt  the  adventitia  of  the  ureter, 
because  its  blood  supply  is  contained  within  this  layer.  If 
difficulty  is  encountered  in  identifying  the  diseased  segment, 
retrograde  ureteropyelography  can  be  performed  to  aid  in 
localizing  the  lesion.  Another  option  is  to  place  a  ureteral 
catheter  cystoscopically  up  to  the  lesion;  the  ureteral  catheter 
can  then  be  palpated  during  the  ureteral  dissection. 

Stay  sutures  are  placed  in  each  end  of  the  ureter,  and 
the  ureter  is  mobilized  enough  so  that  tension-free 
anastomosis  can  be  performed.  Simple  ureteroureterostomy 
is  typically  performed  for  ureteral  lesions  shorter  than  2  cm. 
If  the  lesion  is  longer  than  2  cm,  or  if  it  appears  that  the 
ureteral  ends  will  not  come  together  without  tension,  seek 
an  alternative  surgical  approach.  Options  include  further 
mobilization  of  the  ureter,  mobilization  of  the  ipsilateral 
kidney,  transureteroureterostomy,  ureteroneocystostomy, 
ileal  ureter  interposition,  or  a  combination  of  the  above. 

Once  the  ureter  appears  to  have  enough  length  to  be 
anastomosed  without  tension,  both  ureteral  ends  are 
spatulated.  Two  5-0  absorbable  sutures  are  placed  in  through 
the  apex  of  the  spatulated  side  of  one  ureter  and  out  through 
the  nonspatulated  side  of  the  opposite  ureter.  Each  suture 
is  tied,  and  a  running  stitch  is  performed  on  one  half  of  the 
ureter.  The  same  steps  are  performed  to  complete  the 
anastomosis  on  the  opposite  half  of  the  anastomosis. 

Before  completion  of  the  second  half,  a  double-J  ureteral 
stent  is  placed  by  first  placing  a  0.038  cm  Teflon-coated 
guidewire  caudally  and  passing  a  standard  7F  double-J  stent 
over  the  wire.  The  wire  is  pulled  after  the  position  of  the 
distal  portion  of  the  stent  is  confirmed  within  the  bladder. 
Next,  a  small  hole  is  made  within  the  stent,  such  that  the 
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wire  can  be  passed  cephalad,  placed  into  the  proximal  tip 
of  the  stent,  and  comes  out  of  the  created  hole  in  the  side  of 
the  stent.  Once  the  position  of  the  cephalad  tip  in  the  renal 
pelvis  is  confirmed,  the  wire  is  pulled,  leaving  a  well- 
positioned  stent. 

After  the  anastomosis  is  completed,  a  Penrose  drain  or 
a  Jackson-Pratt  (JP)  drain  is  placed  in  the  retroperitoneum 
and  is  brought  out  through  the  skin.  Omentum  may  be 
retrieved  from  a  small  incision  in  the  posterior  peritoneum 
and  can  be  used  to  wrap  the  repair.  Adjacent  retroperitoneal 
fat  may  be  used.  The  anterior  abdominal  fascia  and  skin 
are  closed. 

Transureteroureterostomy 

Transureteroureterostomy  (TUU)  is  a  urinary  reconstruction 
technique  that  is  used  to  join  one  ureter  to  the  other  across 
the  midline.  It  offers  patients  with  distal  ureteral  obstruction 
an  option  to  live  without  external  urostomy  appliances  or 
internal  urinary  stents.  TUU  is  also  used  in  undiversion 
procedures  when  the  surgeon  wants  to  avoid  the  pelvis 
because  of  previous  trauma,  surgery,  or  radiation  therapy. 
A  transureteroureterostomy  is  approached  best  via  a  midline 
incision  and  can  be  performed  using  both  intraperitoneal 
and  extraperitoneal  approaches.  A  left-to-right  intraperi¬ 
toneal  transureteroureterostomy  is  described. 

After  a  Foley  catheter  is  placed  and  the  patient  is 
prepared  and  draped  in  a  sterile  manner,  a  midline  incision 
is  made,  and  the  peritoneal  cavity  is  opened.  The  small  bowel 
is  packed  medially,  and  the  posterior  peritoneum  lateral  to 
the  sigmoid  and  descending  colon  is  incised  to  expose  the 
ureter.  The  ureter  is  dissected,  preserving  its  adventitia.  The 
diseased  portion  of  the  ureter  is  identified,  and  a  clamp  is 
placed  on  the  ureter  proximal  to  the  diseased  portion.  The 
diseased  portion  of  ureter  is  excised,  a  stay  stitch  is  placed 
on  the  proximal  segment  of  the  ureter,  and  the  distal  stump 
is  ligated.  The  proximal  ureter  is  dissected  for  a  length  of 
approximately  9  to  12  cm,  while  the  adventitial  vessels  are 
preserved. 

Attention  is  then  turned  to  exposing  the  right  ureter.  The 
ascending  colon  is  retracted  medially  while  an  incision  is 
made  through  the  posterior  peritoneum  lateral  to  the  colon. 
Blunt  dissection  aids  in  the  identification  of  the  ureter. 
Approximately  4  to  6  cm  above  the  level  of  transection  of 
the  left  ureter,  the  right  ureter  is  exposed  to  make  room  for 
an  anastomosis. 

A  retroperitoneal  tunnel  is  created  via  blunt  dissection, 
and  the  left  ureter  is  pulled  through  the  tunnel  by  the  stay 
suture.  When  the  left  ureter  is  pulled  through,  taking  care 
not  to  wedge  the  ureter  between  the  inferior  mesenteric 
artery  (IMA)  and  the  aorta  is  important,  because  obstruction 
may  result.  Instead,  the  ureter  should  be  passed  either  over 
or  under  the  IMA  and  should  not  be  angulated  or  be  under 


any  tension.  If  the  ureter  is  too  short  and  a  tension-free 
anastomosis  can  only  be  performed  with  the  ureter  firmly 
wedged  between  the  IMA  and  the  aorta,  it  is  appropriate  to 
consider  ligation  of  the  IMA.  If  this  maneuver  is  not 
performed  and  the  ureter  is  left  firmly  between  the  IMA  and 
the  aorta,  a  fibrous  reaction  of  the  ureter  typically  occurs, 
which  causes  an  obstruction  that  must  be  treated  later  with 
a  surgical  procedure. 

The  tip  of  the  left  ureter  is  spatulated,  and  the  medial 
wall  of  the  right  ureter  is  incised  using  a  hook  blade  for  a 
distance  just  longer  than  the  diameter  of  the  lumen  of  the 
left  ureter.  Using  4-0  or  5-0  absorbable  suture  material,  a 
suture  is  placed  at  each  end  of  the  ureteral  incision  from  the 
outside  in.  Each  stitch  is  run  over  the  course  of  one  half  of 
the  anastomosis.  Before  finishing  the  second  side  of  the 
anastomosis,  a  stent  is  placed  along  the  entire  right  ureter 
using  the  technique  described  in  ureteral  stent  placement. 
The  2  stitches  are  tied  to  each  other. 

After  the  anastomosis  is  completed,  a  Penrose  drain  or 
a  JP  drain  is  placed  in  the  retroperitoneum  and  is  brought 
out  through  the  skin.  Omentum  or  any  adjacent 
retroperitoneal  fat  may  be  used  to  wrap  the  repair.  The 
anterior  abdominal  fascia  and  skin  are  closed. 

Psoas  Hitch 

The  psoas  hitch  ureteral  reimplantation  technique  has  been 
used  with  great  success  to  bridge  defects  in  ureteral  length 
due  to  injury  or  planned  resection.  Several  surgical  principles 
have  been  historically  stressed  when  performing  this 
procedure,  including  adequate  mobilization  of  the  bladder, 
fixation  of  the  bladder  to  the  psoas  tendon  before 
reimplantation,  the  use  of  a  submucosal  nonrefluxing-type 
ureteral  anastomosis,  and  a  6-week  delay  before  attempting 
repair  after  a  surgical  injury. 

After  a  Foley  catheter  is  placed  and  the  patient  is 
prepared  and  draped  in  a  sterile  manner,  various  incisions 
are  acceptable,  including  a  midline,  a  Pfannenstiel,  or  a 
suprapubic  V-shaped  incision.  A  midline  incision  is  preferred 
if  the  patient  has  a  pre-existing  midline  scar  from  a  previous 
gynecologic  operation.  If  entering  the  peritoneal  cavity  can 
be  avoided,  this  incision  is  preferred. 

The  peritoneal  reflection  is  dissected  off  the  bladder. 
Some  advocate  saline  installation  in  the  subperitoneal 
connective  tissue  as  a  way  of  facilitating  this  portion  of  the 
dissection.  If  a  peritoneal  defect  is  encountered,  it  can  be 
closed  with  a  running  chromic  suture.  Once  the  peritoneum 
is  dissected  off  the  bladder,  the  peritoneum  can  be  reflected 
medially. 

Attention  is  then  turned  to  dissection  and  excision  of 
the  diseased  ureteral  segment.  The  diseased  portion  of  the 
ureter  is  identified,  and  a  clamp  is  placed  on  the  ureter 
proximal  to  it.  A  diseased  portion  of  ureter  is  excised,  a  stay 
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stitch  is  placed  on  the  proximal  segment  of  the  ureter,  and 
the  distal  stump  is  ligated. 

The  superior  pedicle  of  the  bladder  is  ligated  on  the 
ipsilateral  side,  and  the  bladder  wall  is  incised  transversely, 
a  little  more  than  halfway  around  the  bladder,  in  an  oblique 
manner  across  the  middle  of  its  anterior  wall  at  the  level  of 
its  maximum  diameter.  When  this  horizontal  incision  is 
closed  vertically,  the  effect  of  the  incision  is  the  elongation 
of  the  anterior  wall  of  the  bladder  so  that  the  apex  of  the 
bladder  can  be  positioned  and  fixed  above  the  iliac  vessels. 

After  the  bladder  incision  is  made,  2  fingers  are  placed 
into  the  bladder  to  elevate  it  to  the  level  of  the  proximal  end 
of  the  ureter.  If  the  bladder  does  not  reach  the  proximal 
ureter,  several  steps  can  be  performed  for  additional  length. 
These  steps  include  extending  the  bladder  wall  incision 
laterally  to  obtain  further  length,  or  the  peritoneum  and 
connective  tissue  from  the  pelvic  and  lateral  walls  may  be 
dissected  from  the  contralateral  side  of  the  bladder.  This 
dissection  may  require  ligation  and  division  of  the  superior 
vesical  pedicle  on  the  contralateral  side. 

Once  adequate  mobilization  of  the  bladder  has  occurred, 
the  bladder  is  held  against  the  tendinous  portion  of  the  psoas 
minor  muscle  without  tension.  Prolene  sutures  (2-0)  are 
sutured  into  the  bladder  wall  and  to  the  tendon  to  fix  the 
bladder  in  place. 

With  the  bladder  open,  attention  is  turned  to  the  ureteral 
reimplant.  An  incision  is  made  in  the  bladder  mucosa  at  the 
proposed  site  of  the  new  ureteral  orifice.  A  submucosal 
dissection  occurs  approximately  3  cm  from  the  incision  site 
so  that  a  tunnel  is  created.  Lahey  scissors  may  be  used  to 
facilitate  this  dissection.  After  achieving  a  3  cm  tunnel  length, 
the  scissors  are  inverted  and  the  tips  are  pushed  through 
the  bladder  wall.  An  8F  feeding  tube  is  passed  over  the 
scissor  blades,  and  the  stay  suture  on  the  proximal  tip  of  the 
ureter  is  tied  to  the  other  end  of  the  catheter  so  that  traction 
on  the  catheter  draws  the  ureter  into  the  bladder.  The  ureteral 
tip  is  trimmed  obliquely,  and  4-6  absorbable  sutures  (4-0) 
are  used  to  fix  the  ureter  to  the  bladder  mucosa.  The  ureteral 
adventitia  is  tacked  to  the  extravesical  bladder  wall  with 
several  4-0  absorbable  sutures.  A  double-J  ureteral  stent 
may  be  placed  at  this  time. 

A  nontunneled  reimplant  is  also  an  acceptable  choice  in 
most  adults  if  ureteral  length  is  insufficient.  The  end  of  the 
ureter  can  be  reflected  back  after  making  a  small  longitudinal 
incision  from  the  tip  proximally  about  1.5  cm.  This  will  make 
the  end  of  the  ureter  into  a  nonrefluxing  nipple,  which  is 
useful  when  there  is  inadequate  length  for  an  antirefluxing 
submucosal  tunnel. 

After  completing  the  reimplant,  2  fingers  are  placed 
within  the  bladder,  while  5  or  6  absorbable  sutures  (2-0) 
are  placed  within  the  bladder  muscle,  the  psoas  muscle, 
and  the  psoas  minor  tendon,  paying  specific  attention  not 


to  suture  the  genitofemoral  nerve.  Alternatively,  sutures  may 
also  take  deep  bites  in  the  muscle  itself.  The  bladder  is  closed 
with  a  3-0  running  absorbable  suture  on  the  mucosa  and  a 
running  2-0  suture  incorporating  the  bladder  muscle  and 
adventitial  layers.  A  Penrose  drain  or  a  JP  drain  is  placed  in 
the  retroperitoneum  next  to  the  bladder  closure.  The  anterior 
abdominal  fascia  and  the  skin  then  are  closed. 

Boari  Flap 

A  Boari  flap  may  be  required  to  bridge  long  defects  of  the 
middle  and  lower  ureter  to  the  bladder.  Laparoscopic 
construction  of  a  Boari  flap  was  performed  in  a  patient  with 
a  ureteral  stricture  secondary  to  iatrogenic  injury.  The  salient 
steps  performed  were  spatulation  of  the  transected  ureteral 
end,  fashioning  of  a  Boari  flap  from  the  bladder,  end-to- 
side  anastomosis  of  the  ureter  to  the  flap,  placement  of  a 
stent  with  the  aid  of  a  suction  cannula,  and  closure  of  the 
flap  over  the  stent.  A  Boari  flap  can  be  accomplished 
laparoscopically  with  minimal  morbidity. 

After  preparing  and  draping  the  patient,  a  midline  or 
Pfannenstiel  incision  is  made.  Once  the  transversalis  fascia 
is  incised,  the  ureter  may  be  approached  either 
transperitoneally  or  retroperitoneally.  In  the  transperitoneal 
approach,  the  peritoneal  cavity  is  entered,  the  sigmoid  or 
cecum  is  reflected  medially,  the  posterior  peritoneum  is 
incised,  and  the  ureter  is  identified.  In  the  retroperitoneal 
approach,  care  is  taken  not  to  enter  the  peritoneal  cavity, 
the  peritoneum  is  mobilized  medially,  and  the  ureter  is 
identified  and  exposed.  A  stay  stitch  is  placed  in  healthy 
ureter  tissue  just  proximal  to  the  injury.  The  remaining  end 
of  the  ureter  is  tied  off. 

The  peritoneum  is  then  dissected  from  the  wall  of  the 
bladder.  This  dissection  may  be  facilitated  with 
hydrodissection,  in  which  saline  is  injected  subperitoneally, 
separating  the  peritoneal  layer  from  the  muscle  layers  of 
the  bladder. 

The  necessary  length  of  the  bladder  flap  (i.e.  the 
distance  between  the  posterior  wall  of  the  bladder  and  the 
end  of  the  healthy  proximal  ureter)  is  measured  with 
umbilical  tape,  the  bladder  is  one  half  full  of  saline,  and 
the  length  and  shape  of  the  bladder  flap  are  planned.  To 
measure  accurately  on  the  dome  of  the  bladder,  several 
stay  stitches  are  placed  at  the  base  of  the  proposed  bladder 
flap  and  at  the  apex.  The  bladder  flap  should  be  planned 
with  a  large  base,  because  the  base  will  contain  the  blood 
supply  for  the  flap.  The  length  of  the  bladder  flap  (i.e.  the 
distance  between  the  base  and  apex)  should  equal  the 
distance  between  the  posterior  wall  of  the  bladder  and  the 
end  of  the  healthy  proximal  ureter.  The  width  of  the  apex 
should  be  at  least  3  times  the  diameter  of  the  ureter  to 
prevent  constriction  after  the  flap  is  tubularized.  Avoid 
scarred  areas  of  the  bladder. 
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After  proper  planning,  an  outline  of  the  flap  is  made  in 
the  bladder  wall  with  coagulating  current,  and 
the  bladder  flap  is  remeasured.  If  the  measurements  are 
satisfactory,  the  bladder  flap  is  cut  via  cutting  current,  and 
the  concomitant  bleeding  vessels  are  coagulated. 

After  the  bladder  flap  is  turned  superiorly,  Lahey  scissors 
are  used  to  prepare  a  ureteral  tunnel.  The  tunnel  should  be 
at  least  3  cm  long  and  is  created  by  placing  the  Lahey  scissors 
submucosally  at  the  apex  of  the  flap,  tunneling  the 
appropriate  distance  and  coming  out  through  the  mucosa. 
Submucosal  injection  of  saline  may  aid  in  this  dissection. 
An  8F  feeding  tube  is  pulled  through  the  tunnel  by  the 
scissors  and  the  stay  suture  on  the  proximal  ureter  is  tied  to 
the  feeding  tube  after  the  ureteral  end  is  spatulated.  The 
feeding  tube  is  pulled  toward  the  bladder,  followed  by  the 
ureter.  The  stay  suture  is  cut  after  the  ureter  has  traveled 
completely  through  the  tunnel. 

The  bladder  flap  is  sutured  to  the  psoas  tendon  of  the 
psoas  minor  with  a  few  2-0  absorbable  sutures.  These  sutures 
fix  the  flap  in  place  to  prevent  tension  on  the  ureteral 
anastomosis. 

The  ureter  is  anastomosed  to  the  bladder  mucosa  with 
several  4-0  absorbable  sutures.  A  few  of  the  sutures  should 
include  the  muscle  layer  of  the  bladder  to  fix  the  ureter  into 
place.  An  8F  feeding  tube  is  passed  up  the  ureter  into  the 
renal  pelvis  and  out  through  the  bladder  and  body  wall. 

Before  closing  the  bladder,  a  large  suprapubic  tube  is 
placed,  i.e.  either  a  22-24F  Malecot  or  Foley.  Then,  the 
bladder  is  closed  by  approximating  the  bladder  mucosa  with 
a  3-0  absorbable  running  suture  followed  by  a  second  row 
of  running  sutures,  which  approximates  the  muscularis  and 
adventitial  layers.  A  few  absorbable  sutures  (5-0)  can  be 
placed  to  approximate  the  distal  end  of  the  flap  to  the 
adventitia  of  the  ureter.  If  a  transperitoneal  approach  is  used, 
close  the  peritoneum  and  then  place  a  Penrose  or  a  JP  drain 
retroperitoneally  adjacent  to  the  bladder  closure.  The 
anterior  abdominal  fascia  and  skin  are  closed. 

Postoperative  Details 

Ureteral  Stent 

After  the  patient  has  recovered  from  anesthesia  and  is  in 
suitable  condition,  the  patient  may  be  discharged  with 
instructions  to  return  to  the  clinic  in  14  to  21  days,  when  the 
stent  will  be  removed.  The  patient  is  discharged  with  3  days 
of  antibiotics  and  oral  analgesics  for  potential  bouts  of 
discomfort  from  the  stent. 

Ureteroureterostomy,  Transureteroureterostomy, 

Psoas  Hitch  and  Boari  Flap 

Patients  who  underwent  a  transperitoneal  approach  are  kept 
on  a  regimen  of  nothing  by  mouth  (NPO)  for  the  first  day 


after  surgery.  Subsequently,  signs  of  bowel  function  are 
monitored  routinely.  Once  bowel  sounds  are  present,  the 
diet  is  advanced  to  clear  liquids,  and  when  the  patient  passes 
flatus,  a  regular  diet  is  instituted. 

Patients  who  undergo  a  retroperitoneal  approach  are 
started  on  clear  liquids  on  the  first  day  after  surgery  unless 
they  are  nauseous.  Their  diets  are  also  advanced  when  they 
have  passed  flatus. 

All  patients  receive  a  patient-controlled  anesthetic  (PCA) 
pump  postoperatively  unless  they  had  an  epidural  catheter 
placed  intraoperatively.  They  are  then  given  an  epidural 
pump.  Oral  analgesics  are  administered  after  patients  tolerate 
a  regular  diet. 

All  patients  receive  a  24  hours  course  of  intravenous 
antibiotics  to  prevent  wound  infections. 

Patients  are  encouraged  to  ambulate  on  the  first  day 
after  surgery.  Once  the  pain  is  controlled  with  oral  analgesics 
and  patients  are  tolerating  a  regular  diet,  they  are  eligible 
for  discharge,  with  or  without  their  drains.  If  drains  are  not 
removed  in  the  hospital,  set  appointments  to  assess  patients 
and  their  drains  in  the  clinic. 

Follow-up 

In  patients  who  do  not  require  a  cystotomy,  the  Foley 
catheter  or  suprapubic  tube  is  left  to  drain  the  bladder  until 
the  drain  output  from  the  Penrose  or  JP  drain  is  less  than 
30  ml  per  day.  If  this  is  achieved,  the  Foley  catheter  can  be 
removed  or  the  suprapubic  tube  can  be  clamped,  and  the 
output  from  the  Penrose  or  JP  drain  is  monitored.  If  no 
drainage  occurs,  the  drain  can  be  removed.  If  drainage 
increases  from  the  previous  level,  the  Foley  catheter  is 
replaced,  or  the  suprapubic  tube  is  unclamped.  After  several 
days,  the  same  sequence  of  events  occurs  to  determine 
whether  the  ureter  has  healed  completely.  If  a  stent  or  feeding 
tube  is  used,  it  can  be  removed  7  to  10  days  after  surgery. 

In  patients  who  require  cystotomy,  the  Foley  catheter  or 
suprapubic  tube  is  left  in  place  for  7  to  10  days  after  surgery, 
at  which  time  cystography  is  usually  performed.  If  no 
extravasation  is  observed  during  the  cystogram,  the  Foley 
catheter  or  suprapubic  tube  can  be  removed.  At  the  same 
time,  the  outputs  from  the  Penrose  or  JP  drain  are 
monitored.  If  no  drainage  occurs,  the  drain  can  be  removed. 
If  drain  output  increases  from  the  previous  level,  the  Foley 
catheter  is  replaced.  After  several  days,  the  same  sequence 
of  events  occurs  to  determine  whether  the  ureter  has  healed 
completely.  If  a  stent  is  used,  the  stent  is  removed  10  to  14 
days  after  surgery. 

Laparoscopic  surgery  has  become  a  surgical  discipline 
in  its  own  right.  Like  any  other  surgical  technique  it  does 
involve  a  risk  of  complications.  This  risk  of  ureteral  injury  is 
related  to  the  complexity  of  the  laparoscopic  procedure. 
The  set-up  phase  for  laparoscopy  must  never  be  considered 
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banal.  The  methods  of  postoperative  monitoring  must  be 
adapted  to  take  into  account  the  shorter  hospital  stay  and 
the  fact  that  a  considerable  number  of  ureteral  injury  go 
unnoticed  intraoperatively. 

CONCLUSION 

•  Awareness  of  risk  factors  and  good  experience  in 
laparoscopy  are  the  main  factors  in  preventing  and 
reducing  the  ureteric  injuries. 

•  Immediate  and  early  diagnosis  of  ureteral  injuries  gives 
excellent  out  come  and  minimal  morbidty.  While  delayed 
diagnosis  had  prolong  morbidity. 

•  For  any  suspicious  of  ureteric  injury  investigation  should 
be  done  to  role  out  the  injury. 

•  Placement  of  stent  is  helpful  specially  in  difficult  cases 
reduce  rate  of  ureteric  injury. 

•  Intraoperative  cystoscopy  during  laparoscopy  leads  to 
immediate  diagnosis  of  ureteric  injuries. 

•  Excessive  use  of  diathermy  near  the  ureter  follow  by 
thermal  injury. 
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Chapter 


Laparoscopic  Urological  Procedures 


Laparoscopic  urological  surgery  can  be  divided  into  three 
areas: 

1.  Diagnostic 

2.  Extirpative 

3.  Reconstructive. 

Because  much  of  urologic  surgery  is  reconstructive,  and 
radiologic  imaging  techniques  continue  to  refine  the 
accuracy  of  urologic  diagnoses,  the  role  of  laparoscopy  in 
urologic  practice  has  decreased  in  the  past  few  years. 
However,  there  are  specific  areas  of  urologic  surgery  in  which 
laparoscopic  applications  have  expanded.  Laparoscopy  is 
used  extensively  in  pediatric  urology  for  the  diagnosis  and 
operative  correction  of  undescended  testicles  as  well  as  the 
laparoscopic  removal  of  obstructed  or  poorly  functioning 
kidneys.  Another  major  surgery  is  laparoscopic 
adrenalectomy  for  both  benign  and  malignant  conditions 
of  the  adrenal  gland. 

LAPAROSCOPIC  NEPHRECTOMY 

Several  obstacles  are  preventing  laparoscopic  nephrectomy 
technique  from  being  more  widely  embraced.  The  first  is 
the  time  factor  which  is  considerably  longer  than  for  an  open 
nephrectomy.  The  second  is  the  handling  of  the  renal 
pedicle,  dayman  and  coworkers  have  used  titanium  clips 
to  secure  the  renal  artery  and  vein.  Ehrlich  and  coworkers 
used  an  endoscopic  linear  stapler  to  secure  the  pedicle. 
Despite  the  fact  that  dayman  and  coworker’s  group  did 
not  report  any  significant  intraoperative  or  postoperative 
bleeding  because  of  inadequate  pedicle  control,  many 
urologists  are  uneasy  with  this  aspect  of  the  operation.  The 
third  and  perhaps  most  serious  concern  is  the  applicability 
of  this  technique  to  cases  of  renal  malignancy.  Currently, 
the  adrenal  gland  is  not  included  in  the  laparoscopic  radical 
nephrectomy;  although  this  exclusion  is  probably  more  a 
theoretical  concern  in  lower  pole  and  midpole  tumors,  it 
would  be  a  limiting  factor  in  upper  pole  tumors. 


Tumor  spillage  during  any  laparoscopic  procedure  is  an 
obvious  practical  concern.  Several  reports  documented 
tumor  implantation  during  laparoscopy,  dayman  and 
coworkers  tried  to  solve  this  problem  by  developing  an 
entrapment  system  for  the  kidney  and  the  lymph  nodes. 
These  systems  consist  of  impermeable  bags  inserted  through 
the  laparoscopic  trocar.  The  surgical  specimen  is  placed 
within  the  bag  or  pouch  and  a  drawstring  around  the 
opening  of  the  bag  allows  for  closure  and  acts  as  a  handle 
to  remove  the  pouch  from  the  abdominal  cavity  through 
the  laparoscopic  trocar.  In  nephrectomy,  the  renal  specimen 
is  fragmented  and  aspirated  using  an  especially  designed 
electrical  tissue  morcellator  placed  through  the  neck  of  the 
kidney  sack.  The  development  of  this  type  of  technology 
decreases  but  does  not  eliminate  the  potential  for  tumor 
spillage.  Undoubtedly,  more  work  is  needed  to  address  the 
concern  of  tumor  implantation,  if  this  technique  is  to  be 
applied  to  malignant  renal  tumors. 

Operative  Technique 

After  induction  of  general  anesthesia,  an  occlusion  balloon 
catheter  is  passed  up  the  ureter  of  the  kidney  to  be  removed. 
A  bladder  drainage  catheter  is  also  used  as  well  as  a 
nasogastric  tube.  The  patient  is  placed  in  an  supine  position. 
A  Veress  needle  is  placed  at  the  umbilicus,  and  a  carbon 
dioxide  pneumoperitoneum  is  created  in  the  usual  manner. 
Then  two  11  mm  laparoscopy  ports  are  placed,  one  at  the 
umbilicus  and  one  immediately  subcostal  along  the 
midclavicular  line.  A  5  mm  port  is  also  placed  in  the 
midclavicular  line,  2  to  3  cm  below  the  level  of  the  umbilicus. 
The  patient  is  then  placed  in  the  lateral  decubitus  position 
and  secured  to  the  operating  table.  Two  5  mm  ports  are 
placed  in  the  anterior  axillary  line,  one  on  a  level  with  the 
umbilicus  and  one  off  the  tip  of  the  eleventh  or  twelfth  rib. 

Dissection  commences  by  incising  the  line  of  Toldt  and 
dissection  the  colon  medially.  The  ureter  is  then  identified 
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and  secured  with  a  5  mm  locking  forceps.  The  lower  pole 
lateral  surfaces,  and  upper  pole  of  the  kidney  are  dissected 
free.  The  adrenal  gland  is  left  in  place.  The  kidney  is  then 
lifted  upward,  which  places  the  renal  hilum  on  traction.  The 
renal  artery  and  vein  are  then  dissected.  Three  endosurgical 
clips  are  placed  on  the  distal  portion  of  each  vessel,  and 
two  clips  are  placed  on  the  proximal  portion  of  each  vessel; 
an  endoscopic  scissors  is  then  used  to  divide  the  vessels. 

The  ureter  is  divided  between  two  clips  and  the  kidney 
is  free.  An  impermeable  nylon  surgical  sack  is  introduced 
through  all  mm  port.  Three  5  mm  graspers  are  used  to 
open  the  mouth  of  the  sack,  and  the  kidney  is  pushed  into 
the  open  sack.  The  drawstrings  on  the  sack  are  grasped  by 
a  5  mm  forceps  and  pulled  through  the  11  mm  umbilical 
port,  thereby  closing  the  neck  of  the  sack  on  the  kidney. 
The  mouth  of  the  sack  is  then  brought  out  through  the  skin, 
and  the  metal  shaft  of  the  electrical  tissue  morcellator  is 
introduced  into  the  sack.  The  morcellator  is  activated,  and 
the  renal  tissue  is  fragmented  and  aspirated.  In  case  of  donor 
nephrectomy  incision  is  given  to  suprapubic  region  and  hand 
port  can  be  used  to  take  the  kidney  out  safely.  In  case  of 
donor  nephrectomy  grate  attention  is  required  to  prevent 
ischemia  of  kidney  and  the  recepient  should  be  ready  on 
another  operation  table  for  transplant.  When  all  the  renal 
tissue  is  removed,  the  empty  sack  is  removed  from  the 
abdomen.  The  port  sites  are  closed  in  the  standard  fashion. 

In  the  two  cases  of  transitional  cell  carcinoma,  the  ureter 
was  dissected  down  to  the  bladder,  and  a  laparoscopic  GIA 
stapler  was  used  to  include  the  distal  ureter  and  a  cuff  of 
bladder,  dayman  and  coworkers  and  Gaur  and  coworkers 
also  described  a  retroperitoneal  approach  to  laparoscopic 
nephrectomy.  A  key  advance  to  this  approach  has  been  the 
use  of  a  retroperitoneal  balloon  dissector  that  facilitates  the 
development  of  working  space  within  the  retroperitoneal 
space. 

LAPAROSCOPIC  VARICOCELECTOMY 

Laparoscopic  varicocele  ligation  has  been  performed  by 
many  urologists,  and  reports  from  several  medical  centers 
have  been  published.  The  data  suggest  that  laparoscopic 
varicocele  ligation  is  therapeutically  superior  to  open  surgical 
and  radiographic  (embolization)  techniques.  Laparoscopic 
varicocelectomy  appears  to  reduce  postoperative  morbidity. 
Whether  it  is  necessary  to  identify  and  preserve  the  testicular 
artery  during  laparoscopic  varicocelectomy  remains 
controversial.  Loughlin  and  Brooks  reported  on  the  use  of 
a  laparoscopic  Doppler  probe  that  they  believe,  facilitates 
the  identification  and  preservation  of  the  testicular  artery. 
Matsuda  and  coworkers  claim  that  the  testicular  artery  does 
not  have  to  be  preserved;  they  clip  the  testicular  artery  and 
veins  en  bloc.  Further  multicenter  experience  is  needed  to 
resolve  whether  the  testicular  artery  should  be  preserved 


during  laparoscopic  varicocele  ligation.  Because  the 
testicular  artery  is  preserved  during  open  surgical  repair  or 
radiographic  embolization  procedures  we  generally  preserve 
the  testicular  artery  during  varicocelectomy. 

Operative  Technique 

The  technique  of  laparoscopic  varicocele  ligation  is 
straightforward.  The  procedure  is  usually  performed  using 
general  anesthesia.  A  urethral  catheter  is  placed  to  empty 
the  bladder,  and  a  Veress  needle  is  placed  at  the  umbilicus 
to  inflate  the  peritoneal  cavity  with  carbon  dioxide. 
Alternatively,  Hassons  technique  can  be  performed  at  the 
inferior  margin  of  the  umbilicus,  and  the  trocar  can  be  placed 
into  the  peritoneum  under  direct  vision.  Three  laparoscopic 
ports  are  placed  for  varicocelectomy  according  to  baseball 
diamond  concept. 

The  intra-abdominal  vas  deferens  can  be  identified  as 
structure  joining  the  spermatic  cord  above  the  internal 
inguinal  ring  (Fig.  41.1).  The  gonadal  vessels  are  visualized 
easily  in  the  retroperitoneum.  The  posterior  peritoneum  is 
excised  with  cautery,  laser,  or  endoscopic  scissors.  The 
gonadal  vessels  are  then  mobilized;  however,  reliably 
identifying  the  spermatic  artery  and  its  branches  is  sometimes 
difficult  through  the  laparoscope  (Figs  41. 2A  and  B). 
Therefore,  many  surgeons  prefer  to  use  the  laparoscopic 
Doppler  probe  to  facilitate  identification  of  the  spermatic 
artery  during  laparoscopic  varicocele  ligation.  The  Doppler 
probe  is  28.58  cm  long  and  fits  through  a  5  mm  laparoscopic 
port.  After  identifying  the  gonadal  artery,  the  surgeon  isolates 
the  gonadal  vein  or  veins  using  blunt  dissection  with 
atraumatic  graspers. 

Endoscopic  clip  applier  is  used  to  secure  it  or 
intracorporeal  suturing  is  used  to  ligate  the  gonadal  vein  or 
veins  while  sparing  the  artery  (Fig.  41.3). 


Fig.  41 .1 :  Laparoscopic  varicocelectomy 
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Figs  41 .2A  and  B:  The  spermatic  vein  is  identified 


Fig.  41.3:  Clips  applied  around  spermatic  vein 


LAPAROSCOPIC  RETROPERITONEAL 
NODE  DISSECTION 

The  laparoscopic  retroperitoneal  node  dissection  in  the 
management  of  testicular  cancer  is  still  not  very  frequently 
performed.  Increased  operating  time  is  a  consideration  in 
applying  laparoscopic  techniques  to  a  procedure.  As  with 
pelvic  node  dissection,  the  question  has  also  been  raised  as 
to  the  completeness  of  the  laparoscopic  retroperitoneal  node 
dissection.  Laparoscopic  dissection  of  the  nodal  tissue 
behind  the  aorta  and  vena  cava  is  difficult  laparoscopically. 

Laparoscopic  retroperitoneal  node  dissection  appears, 
at  least  for  now,  best  applied  to  patients  without  evidence 
of  bulky  disease  in  the  retroperitoneum  who  would  otherwise 
be  candidates  for  observation  rather  than  surgical 


exploration.  Although  the  laparoscopic  procedure  does  not 
currently  appear  to  be  as  thorough  a  dissection  as  the  open 
node  dissection,  it  offers  the  opportunity  to  have  some 
pathologic  documentation  of  nodal  status  in  patients 
considered  for  observation.  The  technique  for  laparoscopic 
retroperitoneal  node  dissection  has  not  been  standardized 
and  is  still  evolving;  therefore,  the  reader  is  referred  to  the 
case  reports  for  the  authors  individual  techniques. 

LAPAROSCOPIC  MANAGEMENT  OF 
LYMPHOCELES 

Lymphoceles  are  not  uncommon  after  renal  transplantation; 
an  incidence  of  0.6  to  18  percent  has  been  reported.  It  can 
also  occur  after  pelvic  lymphadenectomy,  and  an  incidence 
of  5.6  percent  has  been  reported  in  this  circumstance.  Most 
of  these  patients  are  asymptomatic  and  do  not  require  much 
aggressive  treatment.  When  the  lymphocele  becomes 
symptomatic  or  is  associated  with  fever  and  potential 
infection,  however,  drainage  of  the  lymphocele  is  indicated. 
Several  investigators  have  reported  successful  laparoscopic 
drainage  of  lymphoceles. 

Operative  Technique 

The  technique  of  lymphocele  drainage  is  described  as 
follows.  After  the  induction  of  general  endotracheal 
anesthesia,  the  surgeon  places  a  urethral  catheter  to  drain 
the  bladder,  and  a  nasogastric  tube  is  then  inserted.  A  Veress 
needle  is  inserted  into  the  peritoneal  cavity  in  the  left  upper 
quadrant  to  avoid  the  transplant  allograft.  A 
pneumoperitoneum  is  achieved  in  the  usual  manner,  and 
10  mm  trocar  sheath  is  inserted  through  the  same  site  into 
the  peritoneal  cavity.  The  video  endoscope  is  placed  through 
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this  port,  and  two  additional  5  mm  ports  are  inserted  under 
direct  vision  in  the  periumbilical  area  in  the  right  upper 
quadrant  at  the  level  of  the  midclavicular  line. 

The  abdomen  is  carefully  inspected,  and  the  renal 
transplant  and  associated  lymphocele  are  visualized.  They 
appear  as  two  extrinsic  bulges  in  the  retroperitoneum.  The 
lymphocele  is  distinguishable  by  its  superolateral  location 
to  the  graft  and  the  soft  consistency  on  probing.  The 
lymphocele  also  transmits  light  readily  when  the  light  source 
is  placed  at  its  wall.  The  patient  is  placed  in  Trendelenburg’s 
position  to  allow  the  small  bowel  to  fall  cephalad  and  to 
facilitate  the  visibility  of  the  lymphocele.  The  lymphocele  is 
then  entered  using  electrocautery.  The  peritoneum  and  its 
attached  lymphocele  wall  are  grasped,  and  the  incision  is 
extended  circumferentially  using  laparoscopic  scissors.  An 
ellipse  of  lymphocele  wall  is  removed,  thereby  creating  a 
window.  After  careful  marsupialization  of  the  edges  of  the 
window,  the  lymphocele  is  inspected,  and  all  internal 
loculations  are  lysed  and  excised  to  create  a  single  cavity. 
At  the  end  of  surgery  the  cavity  is  irrigated  and  inspected 
for  adequate  hemostasis  prior  to  the  usual  completion  of 
the  laparoscopic  procedure. 

LAPAROSCOPIC  URETEROLYSIS 

Usually,  the  patient  underwent  laparoscopic  ureterolysis  via 
a  transperitoneal  approach.  An  external  ureteral  stent  should 
be  placed  to  help  identify  the  ureter  as  is  done  with 
laparoscopic  nephrectomy.  The  ureter  is  identified  by  close 
up  vision  of  telescope  and  then  successfully  mobilized 
laparoscopically.  Laparoscopic  biopsy  forceps  should  be 
used  to  obtain  multiple  biopsy  specimens  of  the  periureteral 
tissue.  Laparoscopic  ureterolysis  is  not  a  very  frequently 
performed  procedure.  Additional  experience  will  help 
determine  how  applicable  laparoscopic  ureterolysis  will 
become  in  the  future. 

LAPAROSCOPIC  ILEAL  CONDUIT 

In  many  centers,  laparoscopic  surgeons  are  performing 
laparoscopic  ileal  loop  conduit.  This  procedure  is  commonly 
performed  for  palliation  of  obstruction  in  old  man  with 
fibrosarcoma  of  the  prostate.  The  ileal  loop  itself  is  fashioned 
laparoscopically  using  endoscopic  stapling  devices.  To 
perform  the  ureteral  anastomosis,  however,  the  distal  ureters 
and  a  portion  of  the  conduit  has  to  be  brought  in  through  a 
trocar  site,  and  an  extracorporeal,  hand-sewn,  ureteroileal 
anastomosis  is  performed  on  each  side. 

The  report  emphasizes  the  limitation  of  laparoscopic 
instrumentation  at  this  time.  Laparoscopic  suturing  is 
cumbersome,  and  the  ureteroileal  anastomosis  could  not 
have  been  completed  easily  laparoscopically.  Until  either 
tissue  welding  techniques  or  better  suturing  techniques  are 


available,  only  limited  applications  are  available  for 
laparoscopic  reconstructive  surgery  such  as  that  outlined  in 
this  case  report. 

LAPAROSCOPIC  PELVIC  LYMPHADENECTOMY 

Laparoscopic  pelvic  lymphadenectomy  has  the  potential  to 
aid  in  the  staging  of  prostate  cancer.  Most  urologists  embrace 
the  philosophy  that  if  the  pelvic  lymph  nodes  are  involved 
in  prostate  cancer,  cure  cannot  be  achieved  with  radical 
prostatectomy  or  radiation  therapy,  and  hormonal  therapy 
is  indicated  in  these  patients  for  palliation. 

Vascular  injuries  are  most  common  complication  during 
dissection.  Adherence  to  good  laparoscopic  technique  and 
familiarity  with  the  anatomy  are  the  most  reliable  ways  to 
avoid  complications. 

Operative  Technique 

The  pneumoperitoneum  is  established  in  the  standard 
manner.  Trocar  placement  is  then  performed.  The  size  and 
location  of  trocar  sites  for  the  procedure  vary  with  the 
surgeon’s  preference.  Most  use  the  diamond  configuration. 
An  alternative  used  by  some  surgeons  is  the  so  called  fan 
configuration  for  trocar  placement.  This  configuration  allows 
the  surgeon  and  the  surgical  assistant  to  manipulate 
instruments  with  both  hands  during  the  dissection.  It  is  also 
helpful  in  obese  patients  or  in  those  with  a  prominent  urachus. 
The  size  of  the  trocars  used  at  each  site  may  vary.  A  10  mm 
port  is  usually  placed  in  the  umbilicus  for  the  laparoscope. 
An  additional  10  mm  port  is  placed  in  at  least  one  other  site 
for  tissue  removal.  Another  10  mm  port  is  used  for  the 
endoscopic  clip  applier.  Usually,  5  mm  ports  are  used  for  the 
remaining  trocar  sites.  After  completion  of  trocar  placement, 
the  laparoscopic  landmarks  for  pelvic  node  dissection  are 
identified.  These  landmarks  include  the  medial  umbilical 
ligament  (remnant  of  the  obliterated  umbilical  artery),  urachus, 
bladder,  vas  deferens,  iliac  vessels,  spermatic  vessels,  and 
internal  ring.  The  next  maneuver  is  to  incise  the  posterior 
peritoneum  parallel  and  lateral  to  the  medial  umbilical 
ligament.  Early  identification  of  the  ureter  is  important  to  avoid 
ureteral  injury.  The  vas  deferens  is  then  divided  to  facilitate 
operative  access  to  the  obturator  space.  Using  primarily  blunt 
dissection,  the  iliac  vein  and  artery  are  identified.  The  nodal 
tissue  overlying  the  external  iliac  vein  is  then  teased  medially 
to  expose  the  internal  obturator  muscle.  A  laparoscopic  vein 
retractor  can  be  used  to  retract  the  external  iliac  vein  laterally 
and  permit  easier,  more  complete  dissection  of  the  nodal 
tissue  beneath  the  vein.  The  dissection  proceeds  with 
removing  tissue  off  the  vein  distally  until  Cooper’s  ligament 
and  the  pubic  bone  are  identified. 

Electrosurgery  is  used  to  fulgurate  small  vessels  and 
lymphatics,  and  the  distal  extent  of  the  packet  is  freed  from 
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the  pubic  bone.  The  packet  is  pulled  proximally  and  freed 
from  the  underside  of  the  pubic  bone.  At  this  point,  the 
obturator  nerve  is  identified.  Because  nodal  tissue  can  be 
quite  bulky  and  difficult  to  grasp,  adequate  forceps  can 
ensure  a  more  reliable  grasp  of  the  specimen.  With  blunt 
dissection,  the  obturator  nerve  is  cleaned  off  proximally, 
and  endoscopic  clips  are  used  to  divide  the  distal  portion  of 
the  dissection.  At  the  completion  of  the  laparoscopic  pelvic 
lymphadenectomy,  the  iliac  artery,  vein,  pubic  bone,  and 
obturator  nerve  can  be  seen  clearly.  The  field  is  checked  for 
hemostasis,  and  the  dissection  is  performed  in  an  identical 
manner  on  the  opposite  side.  The  trocars  are  removed,  and 
the  puncture  sites  are  closed  in  the  usual  manner. 
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“There  are  no  great  discoveries  or  advances 

as  long  as  there  are  unhappy  children  in  the  world”. 

— Albert  Einstein 

LAPAROSCOPY  IN  INFANTS  AND  CHILDREN 

When  wide  spread  use  of  laparoscopy  and  thoracoscopy  in 
adult  patients  occurred  in  the  first  part  of  the  1990s,  it  did 
not  transfer  into  widespread  application  in  the  pediatric 
population  for  a  number  of  reasons.  One  of  the  strong  reason 
was  the  fact  that  pediatric  surgeons  did  not  have  a  commonly 
performed  procedure,  such  as  cholecystectomy,  in  which 
to  refine  their  endoscopic  skills.  The  most  common  intra- 
adominal  procedure  performed  in  infants  and  children  is 
appendectomy  and  fundoplication,  and  it  is  difficult  initially 
to  learn  these  skills.  In  addition,  the  small  intra-abdominal 
working  space  in  infants  and  young  children  makes  the 
operations  more  difficult  and  time  consuming.  Children  seem 
to  recover  more  rapidly  than  adults,  because  of  the  fact  that 
there  is  no  underlying  heart  or  lung  disease  (Fig.  42.1).  In 
the  early  1990s,  it  was  unclear  whether  there  would  be 
further  benefits  to  an  already  faster  healing  process  and 
recovery  time.  The  main  advantage  of  laparoscopy  is  the 
fact  that  it  enables  a  magnified  view  of  the  abdominal  cavity 
and  the  treatment  of  more  than  one  pathology,  even  if 
located  in  different  parts  of  the  abdominal  cavity,  without 
enlarging  the  abdominal  incision  as  in  case  of  open  surgery, 
and  during  the  same  anesthesia.  Moreover,  the  laparoscopy 
permits  identification  and  treatment  of  clinically  silent 
pathologies  or  discovery  of  a  rare  associated  pathology  while 
performing  surgery  for  a  different  indication. 

Many  of  the  leaders  in  pediatric  surgery  were  not  skilled 
in  this  new  technology  and,  therefore,  pediatric  surgeons 
finishing  their  training  program  were  not  being  trained  in 
this  laparoscopic  approach.  When  information  and 
documentation  of  the  benefits  of  minimal  access  surgery 
have  been  published,  this  technology  is  used  more  today  as 


Fig.  42.1:  All  the  vital  parameter  should  be  strictly  monitored  in 
pediatric  age  group 


compared  to  the  mid-1990s.  Intra-abdominal  procedures 
such  as  fundoplication,  splenectomy,  appendectomy,  and 
cholecystectomy  are  being  commonly  performed  by 
pediatric  surgeons.  In  addition,  many  pediatric  surgeons  use 
diagnostic  laparoscopy  through  a  known  unilateral  inguinal 
hernia  sac  to  determine  whether  there  is  a  contralateral 
patent  processus  vaginalis,  which  might  indicate  the  need 
for  contralateral  repair  under  the  same  anesthesia. 
Laparoscopic  primary  pull  through  procedures  in  the 
neonatal  period  for  correction  of  Hirschsprung’s  disease  are 
popular  among  many  pediatric  surgeons.  The  cutting  edge 
of  laparoscopy  in  pediatric  surgery  is  procedures  such  as 
intestinal  resection  for  Crohn’s  disease  and  colectomy  with 
J-pouch  reconstruction  for  ulcerative  colitis.  In  the  chest, 
many  operations  in  children  are  applicable  for  the 
thoracoscopic  route  as  thoracoscopic  repair  of  esophageal 
atresia  with  tracheoesophageal  fistula,  but  the  thoracoscopic 
approach  remains  in  its  infancy  with  this  congenital  anomaly 
at  this  time. 


466 


Section  5:  Pediatric  Laparoscopy 


A  number  of  pediatric  surgeons  utilizes  laparoscopic 
fundoplication  following  open  gastrostomy  in  children. 
Regarding  recurrence  of  gastroesophageal  reflux  following 
partial  anterior  fundoplication,  many  of  these  recurrences 
can  simply  be  converted  to  a  Nissen  fundoplication  with 
good  results.  Usually  there  is  much  less  inflammation  and 
adhesion  formation  following  the  initial  laparoscopic 
procedure  than  occurs  following  an  open  operation. 

Laparoscopic  Appendicectomy  in  Children 

Below  the  age  of  1  year,  the  port  for  the  telescope  is  inserted 
through  the  abdominal  wall  1  cm  to  the  left  of  the  umbilicus.  In 
small  children,  the  umbilical  ring  is  too  loose  to  keep  the  trocar 
airtight.  In  older  children  the  umbilicus  is  chosen  for  the 
telescopic  port.  Before  advancing  the  trocar,  a  skin  incision  is 
made  slightly  smaller  than  the  trocar  in  order  to  secure  gas 
tight  skin  closure  around  the  trocar  shaft.  Too  small  incision  is 
risky  because  it  results  in  too  forceful  trocar  insertion.  A  veress 
needle  is  inserted  and  C02  is  insufflated  up  to  an  intra¬ 
abdominal  pressure  of  12  mm  mercury.  The  smaller  the  child, 
the  slow  the  insufflation  flow  rate  should  be.  With  practice,  the 
pressure  can  be  estimated  by  palpating  the  abdomen. 
Insufflation  and  pressure  control  are  executed  through  valves 
at  the  trocars.  A  second  and  third  trocar  is  inserted  in  the  right 
lower  hypochondria  and  left  iliac  fossa  according  to  base  ball 
diamond  concept.  Its  site  is  chosen  by  pressing  the  abdominal 
wall  from  outside.  In  pediatric  age  the  surgeon  should  try  to 
stay  lateral  to  the  umbilical  ligaments.  Trocars  may  get  caught 
in  a  ligament  and  may  therefore  be  difficult  to  advance.  The 
right  trocar  is  used  for  the  grasper  forceps  and  also  to  take  in 
the  appendix  for  later  removal.  In  children  up  to  8  to  10  years, 
the  appendix  will  usually  fit  a  7.5  mm  trocar.  If  the  child  is  over 
10,  a  10  mm  port  suffices.  A  5  mm  trocar  in  the  left  lower 
abdomen  will  provide  access  for  the  cautery,  scissors  and  a 
second  forceps.  Expiratory  capnography  is  mandatory  for  the 
anesthesiologist  in  all  children.  They  are  prepared  to  ventilate 
with  decreased  residual  functional  capacities,  decreased  tidal 
volumes,  and  increased  frequencies  during  laparoscopy. 

Urinary  catheters  and  nasogastric  tubes  or  drainages 
were  never  used.  The  fascia  was  approximated  with  a  single 
absorbable  suture.  The  appendix  stump  was  simply  ligated 
with  a  Roeder’s  or  Meltzer’s  knot  just  like  adult  patient.  No 
purse  string  or  Z  suture  is  required.  In  the  beginning, 
laparoscopy  took  considerably  longer  than  an  open 
approach  (up  to  90  min  vs  25  min).  Practice  decreased  the 
time  consumed,  which  is  now  nearly  identical  to  that  required 
for  open  procedures  (25  min). 

Other  Causes  of  Pain  in  Abdomen  in  Pediatric  Age  Group 

Hydatids  can  easily  be  exposed  and  removed 
laparoscopically .  We  have  seen  a  few  cases  in  pediatric  group 


that  mimicked  acute  appendicitis.  The  ovaries  can  be 
trapped  within  dense  adhesions;  sometimes  other  additional 
signs  of  previous  inflammatory  processes  are  demonstrated 
as  well.  Such  adhesions  can  be  transacted  laparoscopically, 
although  we  are  not  sure  it  is  worth  the  trouble.  A  Meckel’s 
diverticulum  can  be  identified  and  removed  by  laparoscopy. 
Congenital  and  acquired  adhesions  and  ligaments  are  also 
found  frequently  in  childrens.  New  aspects  may  be  added 
to  clinical  symptoms.  Laparoscopy  can  be  used  in  children 
with  incidentally  discovered  inguinal  hernia. 

Laparoscopic  Cholecystectomy  in  Children 

Laparoscopic  cholecystectomy  is  the  procedure  of  choice 
for  the  treatment  of  adults  with  gallbladder  stone  disease. 
However,  cholelithiasis  is  rare  in  children;  for  this  reason,  it 
is  difficult  to  evaluate  the  validity  of  this  procedure  in  a  large 
case  series  of  pediatric  patients.  The  presence  of  gallbladder 
stones  is  generally  idiopathic  in  children,  and  their  discovery 
is  sometimes  incidental  during  a  sonographic  exam 
performed  to  search  for  other  abdominal  pathologies. 
However,  there  are  well-known  predisposing  factors  to  the 
developing  gallbladder  stones  in  children.  Among  infants 
affected  by  hemolytic  disease  hemolytic  anemia,  for  instance 
the  incidence  of  gallbladder  stones  is  much  higher  than  the 
normal  population.  Its  reported  incidence  ranges  from  10 
to  40  percent  in  various  series.  The  management  of  children 
with  cholelithiasis  requires  great  caution;  an  accurate 
hematological  study  is  always  necessary  to  detect  a  possible 
underlying  hematological  disease.  In  cases  of  gallstones 
discovered  incidentally,  an  accurate  follow-up  is  suggested, 
since  a  spontaneous  resolution  of  the  pathology  is  possible. 
Generally,  noncalcified  gallbladder  stones  in  children 
disappear  within  3  to  6  months.  By  contrast,  surgery  is 
needed  for  calcified  stones  in  both  nonsymptomatic  and 
symptomatic  children.  Laparoscopic  cholecystectomy  rather 
than  open  cholecystectomy  is  the  procedure  of  choice  in 
symptomatic  infants.  Laparoscopy  in  infants  should  be 
performed  using  very  small  instruments  (3  or  5  mm  in 
diameter).  Technically,  this  approach  is  similar  to  the  one 
employed  for  adults,  although  careful  consideration  of  a 
child’s  anatomical  difference  is  essential  to  avoid 
complications.  It  is  important  to  keep  in  mind  that  in  pediatric 
patients  there  may  be  biliary  tree  anomalies,  such  as 
gallbladder  duplication,  ductal  abnormalities,  accessory  bile 
duct,  or  accessory  cystic  artery.  These  findings  do  not 
represent  a  contraindication  to  the  laparoscopic  procedure 
if  the  surgeon  is  able  to  perform  a  delicate  and  accurate 
dissection  of  the  elements  at  the  level  of  Calot’s  triangle. 
Bile  duct  injuries,  which  are  often  reported  in  adults,  are 
very  rare  in  children  may  be  due  to  more  clear  anatomy 
and  less  fat.  The  junction  between  the  cystic  duct  and  the 
common  bile  duct  is  much  more  visible  in  children,  due  to 
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the  scarcity  of  fatty  tissue  and  adhesions  at  the  level  of  Calot’s 
triangle  at  this  age.  This  improved  visualization  makes  the 
dissection  of  the  cystic  duct  easier  and  less  dangerous  than 
in  adult  patients.  The  presence  of  common  bile  duct  stones 
in  children  is  an  extremely  rare  event  in  the  pediatric 
population.  At  any  rate,  the  presence  of  jaundice,  dilatation 
of  the  biliary  tree  at  ultrasonography,  alkaline  phosphatase 
and  total  bilirubin  above  the  normal  range  by  >5  mg/dl, 
and/or  a  history  of  pancreatitis  are  indications  for  a 
cholangiography  or  an  ERCP.  In  addition,  we  believe  that 
intraoperative  cholangiograms  can  also  be  performed  in 
infants. 

With  respect  to  the  ERCP,  the  sequential  approach  of 
endoscopic  sphincterectomy  and  stone  extraction  followed 
by  laparoscopic  cholecystectomy  is  a  safe  and  effective 
method  in  children  as  well  as  adults.  One  important 
advantage  is  that  laparoscopic  cholecystectomy  in  children 
can  be  associated,  if  necessary,  with  other  technical 
procedures,  such  as  the  closure  of  a  peritoneal  vaginal  duct 
in  cases  of  inguinal  hernia;  thus,  a  second  operation  or 
another  incision  can  be  avoided.  However,  if  another 
procedure  is  required,  laparoscopic  expertise  on  the  part  of 
the  surgeon  is  fundamental  to  avoid  additional  morbidity. 
We  performed  a  concomitant  splenectomy  in  infants  affected 
by  spherocytosis  and  one  with  thalassemia.  Based  on  our 
experience,  laparoscopic  cholecystectomy  is  as  valid 
and  effective  a  procedure  in  pediatric  patients  as  it  is  in 
adults.  In  children,  it  is  important  to  perform  a  complete 
preoperative  evaluation  to  search  for  the  possible 
coexistence  of  hematological  disease. 

Laparoscopic  Splenectomy  in  Children 

The  preliminary  results  and  the  retrospective  comparison  help 
establish  the  safety  and  efficacy  of  laparoscopic  splenectomy 
in  children.  Although  the  peritoneal  cavities  of  the  children 
are  limited,  there  are  no  special  risks  in  the  pediatric  patients. 
As  many  splenectomies  are  now  being  performed  for 
cytopenic/anemic  disease  in  children,  pediatric  patients 
requiring  splenectomy  may  benefit  from  this  minimally  access 
approach.  Decreased  postoperative  pain  and  recovery  time 
are  anticipated  in  these  patients,  just  as  for  thousands  of 
patients  undergoing  laparoscopic  splenectomy. 

Absolute  contraindications  to  laparoscopic  splenectomy 
include  contraindications  to  general  anesthesia.  Extensive 
inflammation  and  adhesions  in  the  left  upper  quadrant  may 
be  a  relative  contraindication  because  of  the  increased 
possibility  of  hemorrhage.  Significant  splenomegaly  may  also 
be  a  relative  contraindication  caused  by  increased  difficulty 
of  dissection  and  the  need  for  more  complex  extraction 
procedures.  A  large  spleen  compared  to  small  abdomen  is 
a  problem  in  pediatric  laparoscopic  splenectomy.  Especially 
in  patients  with  HS,  the  spleen  size  is  usually  large. 


Bleeding  tendency  is  a  contraindication  to  laparoscopic 
procedures.  Many  patients  requiring  splenectomy  are 
coagulopathic  from  thrombocytopenia  or  qualitative  platelet 
dysfunction.  Preoperative  use  of  intravenous  IgG  should 
be  considered  for  the  patients  with  ITP.  The  response  to 
IgG  is  generally  as  efficacious  as  the  response  to  steroids 
with  the  added  advantage  of  fewer  associated  side  effects. 

The  surgeon  performing  splenectomy  must  be  cognizant 
of  this  fact  and  have  a  low  threshold  for  conversion  to  an 
open  procedure  in  the  event  of  a  hemorrhage  that  is  not 
easily  visualized  or  controlled  through  the  operating  ports. 
As  LS  is  an  advanced  technique,  we  recommend  that  anyone 
attempting  the  procedure  be  fully  experienced  in 
laparoscopic  surgical  techniques  and  instrumentation. 
Understanding  the  limitations  of  minimal  access  surgery,  in 
addition  to  possessing  the  ability  to  convert  to  the  open 
procedure  to  assure  safe  splenectomy  and  patient  safety,  is 
also  important.  Laparoscopic  splenectomy  may  prove  at 
least  as  safe  as  the  open  approach  if  performed  by 
experienced  surgeons. 

The  disadvantage  is  increased  operative  time.  However, 
this  may  diminish  with  experience  and  introduction  of  the 
Endocatch  II.  With  more  experience  and  advances  in 
technology,  laparoscopic  splenectomy  may  become  easier, 
and  surgeon  may  be  able  to  reduce  their  operative  time 
and  anesthetic  risks.  Several  other  aspects  of  the  operative 
technique  developed  in  pediatric  patients  deserve  emphasis. 
Early  mobilization  of  the  spleen  significantly  increases  the 
difficulty  of  exposing  the  hilum.  The  splenic  artery  and  vein 
are  individually  clipped  and  divided,  and  a  linear  stapler  is 
not  necessary  in  pediatric  patients.  As  superior  branches  of 
the  short  gastric  vessels  are  difficult  to  clip  at  the  early  phase 
of  procedure,  those  branches  should  be  left  and  divided  at 
the  end.  Accessory  spleen  should  be  searched  in  patients 
with  hematologic  disease  requiring  splenectomy  for 
hypersplenism.  Although  these  may  occur  within  the 
attaching  ligaments  of  the  spleen  and  in  the  mesentery  and 
omentum,  they  most  frequently  occur  in  the  hilum  along 
the  splenic  vessels.  Four  accessory  spleens  were  found  in 
our  series,  and  they  were  successfully  removed  under 
laparoscopic  guidance.  The  magnified  view  afforded  during 
laparoscopy  can  allow  for  easier  identification  of  accessory 
spleens,  especially  in  the  hilar  region.  The  inability  to  identify 
accessory  spleens  by  palpation  is  one  limitation  of 
laparoscopic  surgery. 

Thorough  evaluation  for  accessory  splenic  tissue  is 
essential  intraoperatively.  Traditional  splenectomy, 
performed  through  a  midline  or  subcostal  incision,  is 
associated  with  a  number  of  complications,  including 
hemorrhage,  atelectasis,  pneumonia,  ileus,  subdia- 
phragmatic  abscess,  and  incisional  hernias.  These  may 
prolong  the  hospital  stay  and  convalescence. 
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Because  the  small  incisions  of  laparoscopic  surgery  are 
less  painful  than  upper  abdominal  incisions,  patients  use 
fewer  narcotics,  have  fewer  respiratory  complications,  and 
have  improved  return  of  pulmonary  function.  Patients 
treated  laparoscopic  splenectomy  ambulated  the  same  day, 
and  a  decrease  in  postoperative  hospital  stay  was  seen 
compared  to  those  who  underwent  open  surgery.  Most  of 
the  patients  returned  to  unrestricted  activities  within  1  week 
after  being  discharged. 

LAPAROSCOPIC  REPAIR  OF  PEDIATRIC  HERNIA 

The  first  use  of  laparoscopy  in  cases  of  inguinal  hernia  in 
children  was  for  diagnosis.  Laparoscopic  or  transinguinal 
laparoscopic  evaluation  for  a  contralateral  patent  vaginalis 
process  has  been  previously  reported  as  a  means  of  avoiding 
metachronous  hernias.  In  these  cases,  the  internal 
examination  has  been  performed  by  laparoscopic  technique, 
placing  the  optical  trocar  through  the  umbilicus.  The  main 
problem  is  to  decide  whether  or  not  to  treat  the  contralateral 
hernia  sac  immediately.  Is  the  contralateral  vaginalis  process 
wide  and  deep  enough  to  be  responsible  in  the  short-term 
for  a  metachronous  contralateral  hernia? 

During  laparoscopy  for  inguinal  hernia  repair,  surgeon 
often  encounter  an  unexpected  bilateral  hernia.  This  situation 
underscores  the  importance  of  laparoscopy  as  a  means  of 
improving  the  diagnosis  of  bilateral  hernias.  Femoral  hernias 
are  often  misdiagnosed  and  treated  as  inguinal  hernias.  Thus, 
laparoscopic  groin  exploration  is  valuable  means  of  evaluating 
children  with  presumed  recurrent  inguinal  hernias.  Less  than 
1  percent  of  all  groin  masses  seen  in  children  are  due  to 
femoral  hernias.  Because  these  hernias  are  so  uncommon, 
they  are  often  overlooked,  misdiagnosed,  or  even  treated  as 
inguinal  hernias.  In  fact,  the  correct  diagnosis  of  femoral  hernia 
is  often  made  at  the  time  of  groin  re-exploration  for  a 
presumed  recurrent  inguinal  hernia.  The  laparoscopic 
approach  may  offer  better  diagnostic  ability  than  conventional 
open  exploration  because  all  potential  hernial  defects  in  both 
groins  can  be  examined  under  direct  laparoscopic  vision. 
Furthermore,  unilateral  or  simultaneous  bilateral  tension  free 
repair  can  be  done  using  the  laparoscopic  technique. 
Laparoscopy  is  helpful  to  diagnose  a  femoral  hernia.  It  enables 
an  accurate  identification  of  the  nature  of  the  groin  defect. 
However,  the  technical  details  of  laparoscopic  femoral  hernia 
repair  are  still  under  discussion,  even  in  adult  series.  The  role 
of  laparoscopy  in  the  management  of  suspected  recurrent 
pediatric  hernias  has  been  described.  For  patients  with  a  patent 
processus  vaginalis,  laparoscopy  is  efficient  for  diagnosis  and 
treatment. 

Which  laparoscopic  procedure  is  most  efficient  in 
pediatric  surgery  cases? 

•  Ligature  alone  of  the  hernia  sac  without  dividing  the 

peritoneum.  It  has  a  high  recurrence  rate;  this  may  due 


to  the  use  of  absorbable  sutures  or  to  the  continuity  of 
the  peritoneum,  which  is  left  intact.  Furthermore,  the 
risk  of  injury  to  the  vas  or  the  vessels  from  the  needle 
running  under  the  peritoneum  without  previous 
dissection  seems  to  be  high. 

•  Performing  the  procedure  without  ligature  of  the  hernia 
sac  while  only  dividing  the  peritoneum  on  the  site  of  the 
inner  inguinal  ring,  seems  to  be  enough  to  avoid  early 
complications  and  to  achieve  a  low  recurrence  rate.  But 
it  may  lead  to  intraperitoneal  adhesions. 

•  To  avoid  such  adhesions,  many  surgeon  operate  the 
patent  process  vaginalis  just  like  open  surgery.  The 
vaginalis  process  is  divided  by  separating  the  sac,  which 
remains  in  the  scrotal  pouch  or  in  the  labia  majora,  and 
the  peritoneum  at  the  internal  inguinal  ring.  This 
procedure  does  not  require  opening  of  the  inguinal  canal. 
Dissection  of  the  vas  and  spermatic  vessels  is  done  at 
the  level  of  the  internal  inguinal  ring,  where  these 
elements  are  more  easy  to  spare  from  the  peritoneum, 
whereas  more  adhesions  may  be  encountered  in  the 
inguinal  canal.  The  peritoneum  is  ligated.  At  the  end  of 
the  procedure,  one  should  pay  close  attention  to  the 
testis  position,  so  as  to  avoid  a  secondary  occurrence  at 
an  ectopic  site.  Pain  and  discomfort  resolve  very  quickly. 
Laparoscopic  herniorrhaphy  in  children  is  gaining 

increasing  acceptance  in  pediatric  surgery.  The  essential  step 
in  the  conventional  method  for  inguinal  hernia  repair  in 
children  is  the  simple  ligation  of  the  hernial  sac  without 
narrowing  the  open  ring  (Figs  42. 2A  to  C).  The  internal 
inguinal  ring  is  reached  by  opening  the  inguinal  canal  and 
dissecting  the  hernial  sac  from  the  cord  structures. 
Postoperatively,  the  major  damage  from  which  the  patient 
has  to  recover  is  not  the  ligature  of  the  hernial  sac,  but  the 
trauma  of  access  itself.  Therefore,  the  clinical  goal  is  to  leave 
the  abdominal  wall  as  intact  as  possible.  Laparoscopy  is  most 
appropriate  for  this  purpose  to  gain  access  to  the  abdominal 
cavity  in  order  to  close  the  inner  inguinal  ring  from  within. 

The  laparoscopic  repair  of  pediatric  hernia  requires 
2  mm  instruments;  the  use  of  larger  instruments  would  lead 
to  an  increase  in  the  size  of  the  incision  that  would  make  it 
equivalent  to  a  conventional  groin  incision  (Fig.  42.3). 
Bilateral  inguinal  hernias,  as  well  as  indirect  and  direct 
hernias,  are  of  no  concern  in  laparoscopic  herniorrhaphy. 
There  is  no  difference  between  the  access  and  treatment  for 
unilateral  and  bilateral  laparoscopic  hernia  repair  and  the 
laparoscopic  repair  of  a  direct  hernia.  Needle  for 
intracorporeal  suturing  is  introduced  through  abdominal  wall 
in  case  of  pediatric  patient  (Figs  42. 4A  and  B). 

Because  it  remains  unclear  whether  a  small  open 
processus  vaginalis  develops  subsequently  into  a  hernia,  we 
choose  to  close  open  inner  inguinal  rings  down  to  a  2  mm 
width  whether  they  are  unilateral  or  bilateral.  In  many  of 
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Figs  42.2A  to  C:  Purse  string  suture  for  pediatric  inguinal  hernia  repair 


Fig.  42.3:  Port  position  for  pediatric  appendicectomy 


patients,  the  contralateral  side  was  found  to  be  open  as  well; 
by  closing  these  openings,  it  is  assumed  to  exclude  the 
possibility  that  hernias  would  occur. 

The  recurrence  rate  of  inguinal  hernias  in  children  is 
slightly  higher  with  laparoscopic  herniorrhaphy  than  with 
the  conventional  technique.  In  patients  with  recurrences  after 
laparoscopic  herniorrhaphy,  the  surgeon  has  an  undisturbed 
anatomy  for  groin  incision;  the  risk  of  an  injury  to  the  vas 
deferens,  subsequent  testicular  atrophy,  and  the  risk  of 
superior  displacement  of  the  testicle  seem  less  likely.  In  cases 
of  hernia  recurrence  after  conventional  hernia  repair, 
laparoscopy  allows  us  to  clearly  differentiate  an  indirect 
hernia  from  a  direct  one.  Direct  inguinal  hernias  in  children 
are  not  that  rare.  The  cosmetic  results  are  excellent.  Once 
the  technique  of  intracorporeal  suturing  in  a  limited  space 
is  mastered,  laparoscopic  herniorrhaphy  is  safe, 
reproducible,  and  technically  easy  for  experienced 
laparoscopists.  If  there  is  any  uncertainty  about  the 


Figs  42.4A  and  B:  Needle  should  be  introduced  percutaneous  in 
pediatric  age  group 
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contralateral  side,  whether  it  is  a  direct  or  an  indirect  hernia, 
and  in  cases  of  inguinal  hernia  recurrence,  the  laparoscopic 
procedure  is  highly  preferable  as  a  primary  technique  that 
combines  diagnosis  and  the  potential  for  immediate 
treatment. 

Laparoscopic  Pediatric  Fundoplication 

Gastroesophageal  fundoplication  currently  is  one  of  the  three 
most  common  major  operations  performed  on  infants  and 
children  by  pediatric  surgeons.  With  the  advent  of 
laparoscopic  surgery,  the  number  of  gastroesophageal 
fundoplications  has  virtually  exploded.  Morbidity  always  was 
substantial  with  this  operation,  and  laparoscopy  has  not 
changed  this. 

In  recent  years,  laparoscopic  Nissen  fundoplication  has 
been  performed  with  increasing  frequency  in  pediatric 
patients  with  symptomatic  GER  because  it  causes  minimal 
trauma  to  the  abdominal  wall  and  supposedly  eases  patient 
recovery.  Initial  experience  demonstrates  that  Nissen 
fundoplication  can  be  accomplished  successfully  and  safely 
using  the  laparoscopic  approach  in  very  small  babies 
suffering  from  severe  GER.  Infants  and  children  who  are 
candidates  for  antireflux  procedure  differ  in  many  aspects 
from  the  adult  population.  In  adults,  GER  is  typically 
associated  with  hiatal  hernia  and  is  usually  unrelated  to  any 
other  abnormality.  In  children,  on  the  other  hand,  there  is 
usually  no  hiatal  hernia,  but  clinically  significant  GER  is  often 
associated  with  neurological  impairment,  metabolic 
abnormality,  or  some  other  severe  underlying  disease. 
Therefore,  even  after  successful  surgical  resolution  of  GER, 
these  babies  often  remain  very  sick  due  to  their  primary 
disease. 

Many  children  undergoing  antireflux  operation  are  at 
increased  risk  because  of  chronic  parenchymal  lung  damage 
due  to  recurrent  episodes  of  pneumonia  and  because  they 
are  often  severely  malnourished.  Operative  risk  is  especially 
high  in  children  with  familial  dysautonomia.  Concomitant 
impairment  of  gastrointestinal  motility  is  also  unique  to  the 
pediatric  population.  In  particular,  impairment  of  the 
swallowing  mechanism  and  delayed  gastric  emptying  should 
be  taken  into  account  by  the  surgeon.  Hence,  when  the 
swallowing  mechanism  is  impaired,  gastrostomy  should  be 
constructed  for  postoperative  feeding  or  fluid  administration 
to  prevent  persistent  aspirations.  Likewise,  the  surgeon 
should  consider  pyloroplasty  when  there  is  preoperative 
evidence  of  delayed  gastric  emptying.  In  this  case,  it  is  usually 
preferable  to  do  an  open  procedure,  although  a  pyloroplasty 
can  be  accomplished  through  a  small  laparotomy  incision 
at  the  end  of  the  laparoscopic  procedure.  There  are  several 
technical  concerns  in  laparoscopic  Nissen  fundoplication  that 
are  unique  to  infants  and  small  children.  Because  the 


operating  space  is  very  small,  it  is  necessary  to  use  especially 
designed  short  instruments  and  to  handle  them  with  great 
care.  To  prevent  dislocation,  the  trocars  need  to  be  secured 
to  the  skin  by  stitches. 

The  pneumoperitoneum  should  be  maintained  at 
pressures  as  low  as  10  mm  Hg.  Elevation  of  pressure  may 
cause  difficulty  in  ventilation,  with  resultant  hypercarbia.  It 
is  sometimes  necessary  even  in  pediatric  age  group  to 
increase  the  pneumoperitoneum  pressure  temporarily,  for 
example  during  suturing,  and  to  immediately  deflate  the 
abdomen  if  expiratory  C02  increases  or  any  difficulty  in 
ventilation  is  encountered.  At  the  same  time,  the  minimal 
fat  around  the  esophagus  in  these  small  babies  and  the 
absence  of  hiatus  hernia  make  the  definition  of  the  dissection 
planes  clearer.  Thus,  the  dissection  itself,  including 
mobilization  of  the  esophagus,  identification  of  the  vagus 
nerves,  and  construction  of  the  fundic  wrap  are  easier  in 
small  children  than  in  adults.  Furthermore,  it  is  usually 
unnecessary  to  divide  the  short  gastric  vessels  to  achieve  a 
tension-free  wrap.  Small  children  who  need  an  antireflux 
operation  often  suffer  from  chronic  lung  disease,  which 
makes  them  especially  susceptible  to  postoperative  lung 
complications.  The  laparoscopic  approach  seems  to 
minimize  these  complications.  The  minimal  trauma  to  the 
upper  abdominal  wall  in  this  approach  results  in  less 
impairment  of  respiration  and  thus  minimizes  the  need  for 
narcotics  and  sedatives  postoperatively  is  pediatric  patients. 

Recent  reports  suggested  that  recovery  was  smoother 
following  laparoscopic  antireflux  operations  than  after  open 
procedures,  with  comparable  short-term  results. 
Laparoscopic  Nissen  fundoplication  is  feasible  and  safe  in 
very  small  children  and  infants  and  that  it  appears  to  offer 
some  advantages  over  the  standard  open  technique. 

LAPAROSCOPIC  PEDIATRIC  UROLOGY 

The  major  advances  in  laparoscopic  urologic  surgery  began 
with  pediatric  applications.  Laparoscopy  has  raised  great 
interest  in  the  past  few  years  in  the  field  of  pediatric  urology. 
It  has  evolved  from  a  simple  diagnostic  maneuver  to  complex 
operative  procedures.  With  respect  to  current  indication  for 
laparoscopy  in  pediatric  urology,  several  well-established 
clinical  procedures  like  treatment  of  varicocele,  nonpalpable 
testis,  the  current  data  suggest  that  laparoscopic  surgery  is  a 
safe  and  feasible  technique  in  pediatric  urology  if  performed 
by  expert  surgeons,  and  that  it  certainly  will  develop  further 
in  the  next  few  years. 

The  first  laparoscopic  urologic  applications  were  in  the 
localization  of  an  impalpable  undescended  testicle.  This 
technique  became  the  definitive  diagnostic  and  first  operative 
step  in  management  of  this  condition.  Laparoscopy  offered 
a  97  percent  chance  of  finding  a  testicle  or  proving  its 
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absence.  Recent  advances  in  endoscopic  and  accessory 
instrumentation  have  allowed  the  urologist  to  expand  the 
role  of  laparoscopy  in  the  pediatric  population.  In  some 
respects,  children  may  be  better  suited  for  laparoscopic 
procedures  than  adults  because  of  their  decreased  intra¬ 
abdominal  and  retroperitoneal  fat. 

The  main  problem  in  pediatric  laparoscopic  urology  is 
the  choice  of  the  most  suitable  way  to  reach  the  urinary 
tract.  Until  a  few  years  ago,  the  transperitoneal  route  was 
the  only  route  to  the  kidney  and  the  urinary  tract.  In  general, 
surgeons  prefer  the  transperitoneal  approach  at  the 
beginning  of  their  experience  in  pediatric  laparoscopic 
urology  because  of  the  well-known  and  wide  peritoneal 
chamber.  Usually,  four  to  five  ports  are  necessary  and,  after 
the  colic  angle  is  detached  and  Told’s  fascia  is  opened,  the 
kidney  and  upper  urinary  tract  are  easily  identifiable.  The 
lower  urinary  tract,  the  testis,  and  the  spermatic  vessels  also 
can  be  treated  using  this  approach.  Retroperitoneoscopy, 
also  called  lumboscopy,  follows  all  the  criteria  of  open  renal 
surgery,  respecting  the  integrity  of  the  peritoneal  cavity. 

Currently,  laparoscopy  has  been  used  in  pediatric 
urology  for: 

•  Localization  and  evaluation  of  impalpable  undescended 
testicles 

•  Gonadal  examination  and  biopsy  in  patients  with 
intersex  disorders 

•  Orchiectomy  for  undescended  testicles 

•  Diagnosis  and  treatment  of  pediatric  inguinal  hernias 

•  Staged  orchiopexy 

•  Spermatic  vein  ligation  in  patients  with  a  varicocele 

•  Retarded  testicular  growth 

•  Nephrectomy 

•  Nephroureterectomy 

•  Pyleoplasty. 

There  are  several  important  factors  to  consider  when 
operating  in  the  pediatric  patient.  First,  there  is  a  relatively 
short  distance  between  the  anterior  abdominal  wall  and  the 
great  vessels.  Thus,  the  margin  for  error  in  pediatric 
laparoscopy  is  inversely  proportional  to  the  age  and  size  of 
the  patient.  Trocars  and  needles  must  not  be  passed  too 
deeply  to  avoid  vascular  injury.  Also,  the  child  has  a  thinner 
abdominal  fascia  requiring  less  pressure  to  introduce  the 
veress  needle  and  trocars  into  the  abdomen.  In  addition  to 
this,  the  pelvic  anatomy  differs  in  infants  and  young  children. 
A  large  portion  of  the  bladder  is  located  outside  the  bony 
pelvis.  Prompt  decompression  of  the  bladder  with  a  catheter 
before  a  veress  needle  is  essential  to  avoid  a  bladder 
perforation.  Also,  much  less  carbon  dioxide  gas  is  required 
in  the  child,  as  the  peritoneal  cavity  is  small  compared  to 
that  of  an  adult. 

Children’s  dimensions  are  well  suited  to  laparoscopy. 
Landmarks  are  readily  identifiable  and  palpable.  For  example, 


the  bifurcation  of  the  great  vessel  as  well  as  the  sacral 
promontory  are  usually  easily  felt.  In  addition,  abdominal  or 
pelvic  masses  are  easily  detected  in  most  children. 

LAPAROSCOPY  FOR  THE  IMPALPABLE 
UNDESCENDED  TESTICLE  OR  INTERSEX  EVALUATION 

Cryptorchidism  is  the  most  common  disorder  of  male  sexual 
differentiation,  affecting  0.8  percent  of  infants  at  one  year 
of  age,  3  percent  of  full-term  newborns,  and  21  percent  of 
premature  babies.  Approximately  20  percent  of 
undescended  testicles  are  nonpalpable,  either  in  the  scrotum 
or  in  the  inguinal  area,  and  in  20  to  50  percent  of  children 
with  nonpalpable  testis,  the  testis  is  absent.  Early 
investigation  and  treatment  of  nonpalpable  testis  is  essential 
to  decrease  the  incidence  of  infertility  and  to  allow  adequate 
follow-up  for  possible  testicular  malignancies. 

Diagnostic  laparoscopy  is  indicated  for  patients  with 
nonpalpable  testis  or  an  intersex  problem.  After  a  thorough 
physical  examination  has  been  accomplished,  laparoscopy 
may  be  used  and  has  a  direct  impact  on  any  subsequent 
surgical  procedure.  For  example,  if  the  testis  is  absent  and 
blind  ending  vessels  are  seen,  an  open  exploration  can  be 
avoided.  If,  however,  a  testicle  is  present,  the  precise  location 
with  laparoscopy  determines  the  optimal  incision  for  any 
open  procedure.  If  an  orchiopexy  is  considered,  the  first 
part  of  a  Fowler-Stephens  procedure  may  be  performed 
laparoscopically.  This  results  in  minimal  manipulation  of 
the  testicle.  Furthermore,  if  the  testicle  is  dysplastic,  it  may 
be  removed  laparoscopically. 

A  testicle  that  cannot  be  located  and  palpated  on  careful 
physical  examination  of  the  inguinal  or  scrotal  areas,  is 
defined  as  nonpalpable.  In  such  a  case,  intra-abdominal 
location,  true  agenesis,  the  “vanishing  testis,”  hypoplasia, 
and  ascent  of  a  canalicular  testicle  on  examination  are  all 
possibilities  that  have  to  be  investigated. 

Abdominal  inspection  starts  with  assessment  of  the 
insertion  site  to  evaluate  the  safety  of  using  a  5  mm  port, 
and  continues  with  evaluation  of  the  spermatic  vessels  and 
vas  deferens  on  the  normal  side.  Only  the  affected  side  is 
assessed,  and  the  spermatic  vessels  and  vas  deferens  are 
followed  to  the  internal  inguinal  ring.  When  both,  the 
spermatic  vessels  and  the  vas  deferens  meet  and  enter  the 
internal  inguinal  ring,  the  intervention  is  concluded.  If  a  small 
intra-abdominal  testis  is  observed,  two  additional  trocars 
are  inserted  in  the  two  sides  of  the  lower  abdomen,  and 
laparoscopic  orchiectomy  is  performed  after  clipping  of  the 
spermatic  vessels  and  the  vas  deferens.  When  an  apparently 
normal  testis  is  observed  inside  the  abdomen,  the  spermatic 
vessels  are  clipped  as  high  as  possible  from  the  testicle,  in 
order  to  avoid  inadvertent  production  of  ischemia.  In  this 
way,  the  first  stage  of  the  Fowler-Stephens  procedure  is 
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accomplished.  In  the  second  stage,  performed  six  months 
later,  the  laparoscope  is  inserted  as  in  the  first  stage.  When 
an  atrophic  testis  is  found,  laparoscopic  orchiectomy  is 
performed,  as  described  before.  When  a  normal  sized  intra¬ 
abdominal  testicle  is  observed,  laparoscopic  guided 
orchiopexy  follows,  without  difficulty.  In  this  way,  fruitless 
inguinal  explorations  are  avoided. 

Laparoscopy  has  gradually  become  the  gold  standard 
for  the  diagnosis  and  proper  treatment  of  the  nonpalpable 
testis  in  children.  At  diagnosis,  laparoscopy  allows  precise 
location  of  an  undescended  testicle  and  is  the  only  diagnostic 
modality  capable  of  establishing  the  definitive  diagnosis  of 
testicular  absence.  Laparoscopy  precisely  defines  the  intra¬ 
abdominal  anatomy  with  an  accuracy  rate  of  99  percent. 

Complications  following  laparoscopy  for  diagnosis  and 
treatment  of  intra-abdominal  testicles  are  infrequent. 
Preperitoneal  insufflation  is  undoubtedly  the  most  common, 
and  may  be  as  high  as  5  percent.  More  serious  complications, 
including  intestinal  or  vascular  injuries,  as  well  as  injuries  to 
the  urinary  bladder  and  ureter,  have  been  reported  but  are 
rare.  They  may  be  reduced  or  avoided  by  the  “open” 
introduction  of  a  Hasson  blunt  trocar,  thus  avoiding  blind 
puncture  with  a  veress  needle. 

Operative  Technique 

After  placement  of  the  veress  needle  into  the  abdominal 
cavity,  insufflation  is  begun.  During  insufflation,  the  intra¬ 
abdominal  pressure  should  rise  slowly  at  a  rate  of  0.5  liter/ 
minute  in  pediatric  patient  and  the  abdomen  of  the  child 
should  become  diffusely  tympanic.  Most  children  require 
carbon  dioxide  volumes  between  0.5  and  2.0  liters. 
Following  proper  insufflation,  the  veress  needle  is  removed 
and  trocars  are  placed.  When  placing  trocars,  it  is  important 
not  to  advance  these  too  deeply  in  the  abdomen  in  order  to 
avoid  injury  to  the  underlying  bowel  and  vascular  structures. 
After  placement  of  the  umbilical  10  mm  trocar,  the 
laparoscope  is  introduced  into  the  abdominal  cavity.  Actual 
pressure  of  10  mm  Hg  suffices  for  diagnostic  procedures. 
For  more  complex  procedures,  pressure  of  12  to  15  mm  Hg 
is  desirable  and  allows  for  better  maintenance  of  an  adequate 
pneumoperitoneum. 

The  abdomen  is  inspected  in  the  midline  between  the 
obliterated  umbilical  arteries  in  the  urachus.  On  the  pelvic 
side  wall,  the  spermatic  vessels  may  be  seen  coursing  towards 
the  internal  inguinal  ring.  If  a  testicle  is  palpable  in  the 
scrotum,  the  vas  deferens  on  that  side  is  usually  quite  obvious 
as  it  travel  through  the  inguinal  ring  to  the  retrovesical  recess. 
In  most  children,  the  external  iliac  vessels  are  easily  seen  as 
there  is  minimal  extraperitoneal  pelvic  fat.  The  cord 
structures  may  be  further  identified  by  placing  slight  traction 
on  the  spermatic  cord  and  pulling  down  on  the  descended 


testicle.  This  will  cause  a  dimpling  of  the  peritoneum  and 
the  spermatic  vessels  are  easily  seen  near  the  internal  ring. 
Indirect  hernias  and  patent  processus  vaginalis  may  also  be 
noted. 

After  inspecting  the  side  of  the  normal  testicle,  attention 
is  focused  on  the  side  with  the  undescended,  impalpable 
gonad.  If  a  patent  processus  vaginalis  is  noted,  gonads  or 
remnants  may  be  present  distally.  However,  absence  of  a 
patent  processus  does  not  eliminate  the  possibility  of  a 
gonadal  remnant  in  the  inguinal  area.  If  the  cord  structures 
are  seen  extending  through  the  inguinal  ring  with  a  patent 
processus,  the  testicle  may  not  be  visible  initially.  Gentle 
pressure  on  the  external  canal  will  push  a  canalicular  testicle 
back  through  the  internal  ring.  Although  canalicular 
testes  may  be  managed  with  a  standard,  open  inguinal 
orchidopexy,  the  benefit  of  laparoscopy  in  these  cases  is  to 
assess  cord  length  and  testicular  mobility.  This  will  have  a 
direct  impact  on  the  planned  surgical  approach. 

During  diagnostic  laparoscopy  an  atraumatic  grasper 
may  be  placed  under  direct  vision  to  allow  manipulation  of 
bowel  loops.  In  most  cases,  only  two  ports  are  needed.  If 
the  testicular  absence  is  suspected  the  inspection  is 
accomplished  by  direct  observation  of  blind  ending 
spermatic  vessels.  Often  the  vas  may  end  blindly  at  the  same 
site  or  nearby,  but  it  is  the  determination  of  the  spermatic 
vessels  that  is  pathognomonic  for  a  nonexistent  gonad.  In 
those  patients  with  a  blind  ending  vas,  it  is  important  that 
inspection  be  carried  as  high  up  along  the  side  wall  towards 
the  lower  pole  of  the  kidney  as  possible.  If  blind  ending 
vessels  are  not  seen,  close  observation  of  this  area  is 
necessary.  Laparoscopic  inspection  of  the  lower  pole  of  the 
kidney  suffices  to  rule  out  rare,  high-placed  gonads. 
Inspection  of  the  abdominal  cavity  is  not  necessary  in  these 
patients  whose  spermatic  vessels  are  blind  ending,  in  order 
to  declare  testicular  absence. 

In  patients  with  an  intersex  condition  biopsy  should  be 
taken  from  dysplastic  gonad  or  it  may  be  removed.  A  biopsy 
may  be  accomplished  with  a  biopsy  needle  passed  directly 
into  the  abdomen  under  laparoscopic  control.  If  an 
orchiectomy  is  to  be  performed,  the  dysplastic  gonad  is 
isolated.  The  spermatic  vessels  are  identified  and  clipped. 
The  vessels  are  then  cut  and  the  stump  inspected  to  insure 
adequate  hemostasis.  If  a  testicle  is  seen,  it  may  be  brought 
down  into  the  scrotum  with  a  Fowler-Stephens  procedure. 
When  performing  a  Fowler-Stephens  procedure,  the 
technique  is  similar  to  removing  a  testicle.  Once  the  testicle 
is  clearly  identified,  the  dissection  is  limited  to  the  cephalad 
surface  of  the  testicle  to  identify  the  spermatic  artery. 

This  dissection  will  not  disturb  the  vessels  of  the  vas 
deferens,  which  will  form  the  major  blood  supply  of  the 
testicle.  Initially  the  spermatic  artery  is  identified  and  a 
window  is  created  around  the  vessel.  A  clip  applier  is  placed 
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through  a  10  mm  trocar  site  that  has  access  to  the  spermatic 
artery.  Two  clips  are  placed  proximal  and  two  clips  distally 
on  the  artery.  The  artery  is  then  cut  with  scissors.  In  some 
circumstances,  electrocautery  may  be  used  to  coagulate  the 
spermatic  artery  before  the  vessel  is  cut.  This  maneuver  is 
the  first  step  of  a  Fowler-Stephens  procedure  and  can  be 
accomplished  with  minimal  amount  of  interabdominal 
dissection.  During  next  stage  of  surgery  the  testicle  is  brought 
down  into  the  scrotum  on  its  enhanced  blood  supply.  This 
two-stage  procedure  has  been  successful  not  only  in  patients 
with  long  vasal  loops  but  also  in  patients  with  high  abdominal 
testis  and  short  vas  deferens. 

In  some  patients,  an  impalpable  testicle  may  be  proximal 
to  the  internal  ring  in  such  a  way  that  its  vessels  allow 
adequate  mobilization.  In  these  instances,  a  single-stage 
orchidopexy  may  be  performed.  This  is  done 
laparoscopically  using  three  ports.  Two  5  mm  ports  are 
placed  in  a  lateral  position  and  one  10  mm  trocar  in  the 
midline.  A  peritoneal  incision  lateral  to  the  spermatic  cord 
is  made.  The  spermatic  cord  is  rolled  medially  and  elevated 
from  the  retroperitoneal  tissues.  The  gubernaculums  is 
opened  adjacent  to  the  patent  processus  vaginalis.  The 
anterior  peritoneum  of  the  gubernaculum  is  then  opened 
laterally.  If  a  loop  of  the  vas  deferens  is  identified,  it  is 
reflected  in  the  cephalad  direction.  The  testicle  is  grasped 
and  the  gubernacular  attachments  are  cauterized  and 
divided.  The  vas  deferens  is  then  mobilized  by  opening  the 
peritoneum  medially.  With  adequate  dissection,  the  testicle 
will  be  able  to  be  moved  around  the  pelvis. 

A  small  transverse  skin  incision  is  created  at  the  base  of 
the  hemiscrotum  and  carried  down  through  Dartos  fascia. 
A  subcutaneous  pouch  is  created  and  the  testicle  is  pulled 
down  into  the  pouch.  A  small  clamp  is  passed  through  the 
canal  that  has  been  developed  into  the  peritoneal  cavity. 
The  gubernacular  reflections  of  the  lower  pole  of  the  testis 
can  then  be  grasped  and  the  testicle  brought  down  the 
hemiscrotum  without  tension.  The  testicle  is  secured  in  the 
Dartos  pouch  and  the  skin  incision  is  closed.  The  Foley’s 
catheter  and  nasogastric  tube  may  be  removed  in  the 
operating  room.  Patients  are  usually  given  oral  antibiotics 
for  24  hours  and  discharged  from  the  hospital  on  the  same 
day.  Diets  are  advanced  as  tolerated. 

Laparoscopy  now  constitutes  the  reference  technique 
for  the  diagnosis  and  treatment  of  the  nonpalpable  testis.  It 
is  a  simple  procedure,  allowing  a  definitive  diagnosis  and 
two  stage  relocation  without  increasing  the  risk  of  testicular 
atrophy.  Diagnostic  laparoscopy  also  identifies  the  specific 
location  of  the  intra-abdominal  testicle,  facilitating  the 
development  of  an  optimal  surgical  strategy.  The  good  results 
reported  in  most  series  have  established  the  laparoscopic 
management  of  the  nonpalpable  testis  as  “state-of-the-art,” 
with  results  superior  to  those  achieved  with  open  surgical 


techniques  regarding  morbidity,  complication  rate,  and 
length  of  hospital  stay. 

OTHER  LAPAROSCOPIC  PEDIATRIC 
UROLOGICAL  PROCEDURES 

Many  other  pediatric  conditions  may  be  treated  using  the 
laparoscopy.  If  nephrectomy  in  the  pediatric  patient  is 
planned,  a  retroperitoneal  approach  may  have  a  distinct 
advantage  in  certain  older  children.  Laparoscopic 
pyeloplasty  for  ureteropelvic  junction  obstruction  has  also 
been  performed  with  very  encouraging  result.  Bladder 
autoaugmentation,  another  innovative  procedure,  is 
performed  by  incising  the  detrusor  muscle  to  increase  the 
capacity  of  the  bladder.  Other  laparoscopic  pediatric 
procedures  such  as  hernia  repairs  and  partial  nephrectomy 
also  have  been  performed.  In  pediatric  laparoscopy,  the 
greatest  risk  of  complications  occurs  at  the  time  of  access. 
Some  surgeon  have  eliminated  this  risk  by  using  the  Hasson 
trocar  technique  rather  than  the  veress  needle  technique.  In 
children,  the  peritoneal  space  is  small  and  the  surgeon  should 
be  familiar  with  working  in  a  smaller  environment.  The  safety 
of  pediatric  laparoscopy  is  well  established  and  more  and 
more  pediatric  surgeons  are  now  a  days  switching  over  to 
laparoscopy. 

Laparoscopic  Pediatric  Nephrectomy 

It  is  perhaps  the  most  popular  urologic  indication  for  the 
laparoscopic  procedure.  The  first  cases  reported  in  the 
international  literature  were  managed  using  the 
transperitoneal  approach,  but  the  subsequent  reports  of 
nephrectomy  in  children,  were  based  on  retroperitoneoscopy. 
In  children,  the  indications  denote  exclusively  benign  diseases 
such  as  multicystic  or  dysplastic  kidneys  causing  renal 
hypertension,  nonfunctioning  kidneys  associated  with  reflux 
nephropathy  or  obstructive  uropathy,  xanthogranulomatosis, 
pyelonephritis,  protein  losing  nephropathy,  and  occasionally, 
nephrolithiasis  or  nephropathy  causing  uncontrollable 
hypertension.  The  relative  contraindications  are  malignant 
renal  tumors,  previous  intra-abdominal  or  retroperitoneal 
surgery,  renal  trauma  attributable  to  poor  endoscopic  vision 
into  the  perinephric  hematoma,  severe  cardiopulmonary 
disease  or  severe  coagulopathy,  and  morbid  obesity  with  a 
high  positioned  kidney  attributable  to  difficult  renal  access 
retroperitoneally. 

In  cases  of  vesicoureteral  reflux  associated  with  a  grossly 
refluxing  megaureter,  the  ureter  must  be  sectioned  near  the 
ureterovesical  junction  at  the  level  of  the  bladder,  whereas 
in  the  absence  of  a  grossly  refluxing  megaureter,  the  ureter 
can  be  divided  either  by  electrocautery  or  between  ligatures 
or  clips  at  a  convenient  distance  from  the  renal  tissue.  The 
extraction  of  the  kidney  can  be  achieved  by  using  endobag. 
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Stone  Removal 

Retroperitoneoscopic  stone  removal  is  another  procedure 
that  presents  several  advantages  for  children.  The  indications 
are  large  stones  entrapped  at  the  level  of  the  pelvis 
unresponsive  to  medical  treatment.  Three  ports  are  generally 
necessary,  one  for  the  telescope,  two  for  the  working 
instruments,  and  sometimes  a  fourth  trocar  for  a  retractor 
to  lift  the  renal  parenchyma.  The  first  step  of  the  operation 
is  to  place  a  uretheral  probe  first  via  cystoscopy  then 
lumboscopy.  The  pelvis  then  is  opened  with  scissors,  after 
which  the  stone  extracted  and  removed  with  an  endobag. 

Renal  Biopsy 

Renal  biopsy  can  be  performed  with  only  one  trocar,  using 
a  10  mm  operative  telescope  with  an  operative  channel  to 
introduce  the  biopsy  instrument,  if  necessary,  another  5  mm 
port  can  be  introduced. 

Adrenalectomy 

Resection  of  the  adrenal  glands  can  be  performed 
laparoscopically  or  via  retroperitoneoscopy.  It  has  various 
advantages  over  conventional  open  surgery.  With  regard 
to  tumor  size,  in  cases  of  adrenal  masses  smaller  than  5  to  6 
cm,  laparoscopy  or  lumboscopy  provides  an  excellent  access 
route.  If  the  mass  is  larger  than  6  cm,  the  open  approach  is 
preferable.  Although  the  specific  indications  will  continue 
to  be  defined,  they  generally  include  adrenal  benign  cysts, 
pheochromocytoma,  adenoma,  and  aldosteronoma.  In  the 
case  of  neuroblastoma  or  other  malignant  tumors  affecting 
children,  it  is  preferable  to  adopt  an  open  approach.  A  good 
knowledge  of  the  adrenal  pathophysiology  and  surgical 
anatomy  is  fundamental  to  the  success  of  this  procedure. 
Moreover,  it  is  important  to  keep  in  mind  the  potential 
bleeding  risk  during  dissection,  especially  on  the  right  side, 
where  the  dissection  may  be  more  difficult  because  of  the 
short  adrenal  vein  and  proximity  of  the  vena  cava. 

Dismembered  Pyeloplasty 

Open  pyeloplasty  has  been  widely  accepted  as  the  surgical 
treatment  of  choice  for  pyeloureteral  junction  obstruction 
in  children.  The  success  rate  for  this  procedure  exceeds  90 
percent.  With  the  rapid  advent  of  minimally  access  surgical 
techniques,  laparoscopic  dismembered  pyeloplasty  through 
a  transperitoneal  route  has  been  described  for  both  adults 
and  children.  Although  the  procedure  is  technically 
demanding  and  requires  advanced  laparoscopic  surgical 
suturing  techniques  for  meticulous  pelviureteric  anastomosis, 
encouraging  results  projecting  success  rates  comparable  with 
those  achieved  through  an  open  approach  have  been 
reported.  The  first  laparoscopic  dismembered  pyeloplasty 


used  to  treat  ureteropelvic  junction  obstruction  was  described 
in  1992.  Since  that,  other  reports  have  been  published 
describing  the  use  of  either  laparoscopy  or  lumboscopy. 

The  first  step  of  the  procedure  is  to  identify  the 
pyeloureteral  junction  and  the  planned  line  of  pelvic 
reduction.  A  4/0  polydioxanone  suture  over  a  straight  needle 
then  is  passed  percutaneously  through  the  abdominal  wall 
to  the  upper  pole  of  the  renal  pelvis,  then  passed  back 
through  the  abdominal  wall  again  at  the  same  point.  This 
serves  as  a  “hitch  stitch”  to  stabilize  and  present  the  pelvis. 
The  pyeloureteral  junction  is  dismembered,  the  pelvis 
trimmed,  and  the  upper  ureter  spatulated.  Pelviureteric 
anastomosis  then  is  performed  using  continuous  6/0 
polydioxanone  sutures  for  infants  and  younger  children  and 
5/0  polydioxanone  sutures  for  older  patients.  A  double  pigtail 
transanastomotic  ureteric  stent  usually  is  left  in  situ  for  a 
few  weeks  postoperatively.  Certainly,  well  performed 
laparoscopy  and  intracorporeal  suturing  and  knotting  are 
necessary  in  the  performance  of  this  procedure.  Currently, 
videosurgical  pyeloplasty  is  performed  only  in  few  centers 
with  extensive  experience  in  pediatric  laparoscopic  urology. 

Bladder  Autoaugmentation 

Bladder  autoaugmentation  by  seromyotomy  via 
laparoscopic  technique  has  been  used  in  selected  cases  to 
treat  poor  bladder  capacity.  This  technique  is  easy  to  perform 
using  laparoscopy,  but  in  pediatric  urology  an  entero- 
cystoplasty  or  a  gastrocystoplasty  generally  is  preferred  for 
the  treatment  of  patients  with  decreased  bladder  capacity. 

Ureteral  Reimplantation 

The  bladder  is  first  drained  and  then  insufflated  with  carbon 
dioxide  to  10  to  12  mm  Hg  pressure.  The  bladder  is 
anchored  to  the  anterior  abdominal  wall  with  one  or  two 
separated  stitches  inserted  percutaneously  under  cystoscopic 
guidance.  Under  cystoscopic  vision,  a  camera  port  is  first 
inserted  over  the  dome  of  the  bladder.  Two  other  working 
ports  with  an  umbrella  mechanism  then  are  inserted  on  either 
side  of  the  bladder’s  lateral  wall  over  the  suprapubic  skin 
crease.  The  refluxing  ureter  is  isolated  and  dissected  free  as 
with  the  Cohen  procedure.  The  ureteric  hiatus  is  repaired 
with  interrupted  5/0  polydioxanone  sutures.  After  the 
creation  of  a  submucosal  channel,  a  ureteroneocystostomy 
is  performed  according  to  the  Cohen  procedure  using 
separated  6/0  stitches.  A  urethral  catheter  is  left  in  situ  only 
for  24  hours  postoperatively. 

Excision  of  Prostatic  Utricles 

The  prostatic  utricles,  an  enlarged  diverticulum  in  the  posterior 
urethra  of  males,  was  first  described  by  Englisch  in  1874. 
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Although  most  prostatic  utricles  are  asymptomatic  and  do 
not  need  any  surgical  intervention.  Some  patient  manifest 
symptoms  as  a  result  of  infection  or  enlarged  utricles  and 
have  been  associated  with  recurrent  urinary  tract  infections, 
stone  formation,  disturbed  urination,  recurrent  epididymitis, 
infertility,  and  neoplastic  degeneration.  Surgical  excision  is 
the  recognized  treatment  of  choice.  Surgical  access  to  the 
prostatic  utricle  always  has  been  a  major  hurdle  because  it 
lies  deep  within  the  pelvis.  The  first  step  in  the  operation 
consists  of  a  cystourethroscopy  for  cannulation  of  the  prostatic 
utricle.  The  cystoscope  is  left  in  situ  inside  the  prostatic  utricle 
to  facilitate  subsequent  identification  during  laparoscopy. 

The  bladder  dome  is  hitched  upward  to  the  anterior 
abdominal  wall  by  a  4/0  PDS  suture  inserted  percutaneously 
under  laparoscopic  vision.  The  peritoneal  reflection  is  incised 
using  electrocautery,  starting  immediately  behind  the 
bladder.  The  prostatic  utricle  is  easily  identified  with  the 
guidance  of  illumination  from  the  cystoscope.  Using  a  5 
mm  ultrasonic  scalpel,  the  prostatic  utricle  is  completely 
mobilized  and  divided  at  its  confluence  with  the  urethra. 
The  urethral  defect  is  either  closed  by  intracorporeal  suturing 
using  fine  vicryl,  or  simply  by  coagulation.  The  excised 
prostatic  utricle  is  removed  through  the  supraumbilical 
camera  port. 

Complicated  Urachal  Disease 

The  urachus  is  a  obliterated  fibrous  cord  extending  from 
the  allantoic  duct  remnant  at  the  umbilicus  to  the  apex  of 
the  bladder.  Traditional  surgical  management  of  benign 
urachal  disease  involves  the  radical  excision  of  all  anomalous 
tissue  with  a  cuff  of  bladder  tissue  via  the  open  approach. 
Some  authors  advocate  the  use  of  such  aggressive  surgery 
only  for  persistent  and  recurrent  cases.  However,  there  is 
the  potential  for  malignant  change  and  a  high-risk  of 
recurrent  symptoms  in  conservatively  managed  cases.  The 
laparoscopic  approach  to  the  complete  excision  of  urachal 
abnormalities  is  performed  via  a  three-port  approach.  The 
cyst  is  identified  and  removed  with  a  cuff  of  bladder  dome. 
The  bladder  defect  is  closed  in  two  layers,  and  the  indwelling 
urinary  catheter  is  removed  after  2  days. 

Laparoscopic  procedures  have  evolved  greatly  in 
pediatric  urology  during  the  past  few  years.  With  time  and 
greater  experience,  surgeons  began  to  prefer  retro- 
peritoneoscopy  for  cases  of  urologic  pathology,  despite  the 
major  difficulties  associated  with  the  smaller  operating 
chamber.  Moreover,  lumboscopy  meets  all  the  criteria  of 
open  renal  surgery,  according  to  which  all  urologic 
interventions  are  performed  via  the  retroperitoneal  route 
without  transgressing  the  abdominal  cavity.  One  main 
problem  with  retroperitoneal  approach  is  that  access  to  the 
bladder  base  or  the  ureterovesical  junction  may  be  difficult 


in  older  children.  In  addition,  the  retroperitoneal  approach 
does  not  allow  a  thorough  search  of  the  peritoneal  cavity 
for  a  small  dysplastic  and  ectopic  kidney,  nor  does  it 
accommodate  a  complex  ureterocele  excision  or  bladder 
base  reconstruction.  To  overcome  these  problems  a  selective 
approach  to  the  diseased  kidney  and  ureter  depending  on 
the  involved  pathology  is  necessary.  The  position  of  the 
diseased  kidney,  the  presence  or  absence  of  a  refluxing 
ureter,  and  the  need  for  ureterocelectomy  and  bladder 
base  reconstruction  are  the  main  determining  factors. 
Nephrectomy  for  non-functioning  reflux  nephropathy 
kidneys  or  duplex  moiety  necessitating  resection  of  a  grossly 
dilated  megaureter,  especially  in  children  older  than  5  years 
preferably  is  undertaken  via  a  lateral  extraperitoneal 
approach.  Finally,  nephrectomy  for  small  dysplastic  kidneys 
associated  with  ureteric  ectopia  and  urinary  incontinence 
as  well  as  complex  duplex  excision  with  extensive 
ureterocelectomy  and  lower  urinary  tract  reconstruction 
should  be  performed  via  a  transperitoneal  laparoscopic 
approach.  The  possible  urologic  indications  for  laparoscopic 
surgery  can  be  divided  into  diagnostic,  ablative,  and 
reconstructive  procedures.  For  cases  of  nonpalpable  testis, 
laparoscopy  is  considered  a  better  diagnostic  examination 
and  operative  procedure  for  an  orchidopexy.  With  regard 
to  operative  laparoscopic  urologic  procedures,  most  well- 
established  clinical  indications  concern  ablative  procedures. 
To  date,  laparoscopic  nephrectomy  seems  to  be  the 
procedure  most  frequently  applied  in  pediatric  urology. 

The  rapid  advent  of  robotic  technology  will  greatly 
enhance  the  dexterity  and  precision  control  of  surgical 
manipulation  in  a  small  confined  space  of  pediatric  patient. 
It  may  significantly  shorten  the  learning  curve  for  advanced 
laparoscopic  procedures. 
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TWO  PORT  CHOLECYSTECTOMY 

Laparoscopic  cholecystectomy  is  the  gold  standard  for  the 
treatment  of  gallstone  disease.  The  operation  is  routinely 
performed  using  four  or  three  ports  of  entry  into  the 
abdomen.  At  Laparoscopy  Hospital  we  frequently  perform 
cholecystectomy  by  two  port  method  using  modified 
extracorporeal  knot  (Fig.  43.1). 

With  this  technique  we  can  give  traction  over  the 
gallbladder  in  any  direction  for  proper  exposure.  This  new 
innovative  two-port  method  of  gallbladder  removal  can  be 
used  only  for  simple  uncomplicated  cholelithiasis  cases  by 
experienced  surgeon,  but  it  has  definite  advantage  over 
conventional  three  or  four  port  cholecystectomy  in  two  port 
cholecystectomy  fundus  is  retracted  by  help  of  strategically 
passed  suture  (Figs  43.2  and  43.3). 

Once  the  proper  exposure  of  cystic  pedicle  is  achieved 
maryland  is  used  for  dissection  (Figs  43.4A  to  D). 


Fig.  43.1 :  Port  position  for  two  port  cholecystectomy 


Figs  43.2A  and  B 
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Figs  43.2C  and  D 

Figs  43.2A  to  D:  Fundus  is  retracted  up  with  the  help  of  needle  and  thread  passed  through  intercostals  space  under  vision 


Figs  43.3A  to  D:  Another  Vicryl  is  applied  over  Hartsman  pouch  to  provide  anterolateral  traction.  Any  leak 
from  the  gallbladder  is  irrigated  and  sucked  nicely  with  help  of  suction  irrigation  instrument 


Figs  43.4A  to  D:  Dissection  of  cystic  pedicle  is  performed  by  Maryland 


Extracorporeal  knot  can  be  applied  for  cystic  duct  without 
any  problem  after  nice  dissection  of  cystic  pedicle  (Figs  43. 5A 
to  D). 

The  knot  which  is  tied  over  the  cystic  pedicle  is  used  to 
pull  the  neck  of  the  gallbladder  up  and  with  the  help  of 
hook  GB  is  separated  from  the  liver  (Figs  43.6  and  43.7). 

Patients  undergoing  cholecystectomy  by  two  port  method 
had  a  better  resumption  of  diet  and  less  postoperative  pain. 
Two-port  cholecystectomy  is  technically  feasible  and  may 
further  improve  the  surgical  outcomes  in  terms  of 
postoperative  pain  and  better  cosmetic  value.  The  two  port 
cholecystectomy  should  be  performed  by  experienced 
laparoscopic  surgeon  because  skilled  choreographic  hand 
movement  is  very  important  in  this  surgery.  Bimanual  skill 
and  correct  interpretation  of  anatomy  is  must  before 


proceeding  for  this  technique.  We  do  not  recommend  two 
port  cholecystectomy  as  a  routine  procedure. 

Ending  of  the  Operation 

The  instruments  and  ports  are  removed.  Telescope  should 
be  removed  leaving  gas  valve  of  umbilical  port  open  to  let 
out  all  the  gas.  At  the  time  of  removing  umbilical  port, 
telescope  should  be  again  inserted  and  umbilical  port  should 
be  removed  over  the  telescope  to  prevent  any  entrapment 
of  omentum.  The  wound  is  then  closed  with  suture.  Vicryl 
should  be  used  for  rectus  and  unabsorbable  intradermal  or 
stapler  for  skin.  A  single  suture  is  used  to  close  the  umbilicus 
and  upper  midline  fascial  opening.  Many  laparoscopic 
surgeons  routinely  leave  this  fascial  defect  without  ill  effect. 
Some  surgeon  likes  to  inject  local  anesthetic  agent  over  port 


Figs  43.5A  to  D:  Clip  or  extracorporeal  Meltzer  knot  is  applied  over  cystic  artery  and  duct 


Figs  43.6A  and  B 
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Figs  43.6C  and  D 

Figs  43.6A  to  D:  The  extracorporeal  knot  of  cystic  duct  is  used  to  pull  the  neck  up  and  to  expose  bed  of  the  gallbladder 


Figs  43.7A  to  D:  Any  leak  should  be  sucked  and  gallbladder  is  separated  with  the  help  of  hook 
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Fig.  43.8:  Access  is  done  through  the  Palmar’s  point 


site  to  avoid  postoperative  pain.  Sterile  dressing  over  the 
wound  should  be  applied. 

TWO  PORT  REPAIR  OF  VENTRAL  HERNIA 

Two  port  ventral  hernia  is  one  of  the  option  in  case  of  small 
uncomplicated  ventral  hernia  surgery.  Patient  should  be 
under  general  anesthesia,  nasogastric  tube  is  introduced  and 
there  should  not  be  any  organomegaly  if  surgeon  is  planning 
two  port  laparoscopic  repair  of  ventral  hernia.  Access  is 
performed  through  Palmer’s  point.  Veress  needle  or  open 
technique  both  can  be  used  for  access  from  the  palmar’s 
point.  All  the  safety  indicators  should  be  used  and  checked 
at  the  time  of  access.  Ten  mm  port  should  be  introduced 
carefully  through  Palmer’s  point.  It  should  be  introduced 
perpendicular  not  oblique  towards  anus  to  avoid  injury  of 
splenic  flexor  of  colon.  Telescope  should  be  introduced  and 
the  size  extent  and  content  of  hernia  is  assessed. 

After  initial  assessment  of  ventral  hernia  one  more  port 
is  introduced  according  to  base  ball  diamond  concept  but 
keeping  the  Azimuth  angle  (angle  between  telescope  and 
instrument  45°)  (Figs  43.8  and  43.9). 

Content  of  hernia  is  reduced  and  adhesiolysis  should 
be  performed  for  any  possible  omental  or  bowel  adhesion. 
Size  of  the  mesh  is  selected  in  such  a  way  that,  at  least  it 
should  cover  4  cm  all  around  beyond  the  healthy  margin  of 
defect.  One  millimeter  wide,  just  skin  deep  stab  incision 
should  be  given  at  all  the  four  corner  of  mesh. 

Twelve  cm  long  Prolene  is  tied  around  three  corner  of 
the  mesh  and  one  of  the  remaining  corner  should  be  tied 
through  the  needle  and  thread  introduced  through  one  of 
the  stab  wound  of  skin  (Fig.  43.10).  The  thread  which  was 
introduced  percutaneously  will  help  to  stabilize  the  mesh 
and  it  will  act  as  the  third  port  (Fig.  43.11). 


Fig.  43.9:  45°  Azimuth  angle  is  kept  for  second-port 


Fig.  43.10:  Twelve  centimeter  long  Prolene  is  tied  at  three  corner 
of  the  mesh  keeping  6  cm  long  pair  of  free  suture  at  each  end 


Both  the  end  of  Prolene  is  pulled  out  through  the  same 
skin  puncture  side  but  keeping  rectus  and  peritoneum  in 
between  (Fig.  43.12). 

The  end  of  both  the  thread  should  be  ligated  using  tumble 
square  knot  and  it  should  be  slipped  inside  skin  depth  before 
locking  to  avoid  loosening.  This  two  port  technique  can  be 
accomplished  with  the  help  of  Anchor  or  Protack  or  Tacker  if 
patient  can  afford.  Two  port  technique  using  Prolene  is  safe 
and  economical  method  of  performing  laparoscopic  repair 
of  ventral  hernia.  Although  using  strategically  placed  knot  we 
have  performed  one  port  repair  of  ventral  hernia  also  with 
the  help  of  suture  passer  but  if  adhesions  are  present  one 
port  technique  is  not  possible.  Two  port  techniques  should 
be  included  in  the  practice  of  repair  of  ventral  hernia  surgery 
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Fig.  43.1 1 :  Each  pair  of  suture  is  pulled  out  through  the  same 
skin  incision  but  different  rectus  and  muscle  layer 


Fig.  43.12:  Both  end  of  suture  is  tied  outside  the  skin.  Skin  is 
lifted  to  slip  the  knot  subcutaneously 


laparoscopically  because  in  case  of  any  difficulty  the  third 
port  can  be  introduced  any  time  without  any  difficulty. 

Single  Incision  Laparoscopic  Surgery 

Usually,  when  a  new  surgical  technique  is  introduced,  the 
focus  will  be  on  the  feasibility,  safety,  and  clinical  advantage 
of  the  method.  On  the  other  hand,  safety  is  highly  dependent 
on  how  easily  the  new  technique  can  be  learned  by  average 
surgeons.  It  is  a  well-known  fact  that  the  implementation 
phase  of  new  techniques  is  associated  with  an  increased 
risk  of  complications  emphasizing  the  importance  of 
thorough  training  and  education  for  the  operating  surgeon. 

The  first  report  of  single  incision  laparoscopic  surgery  (SILS) 
was  by  Navarra  et  al.  who  performed  a  SILS  cholecystectomy 


in  1997.  Since  then,  there  have  been  many  reports  regarding 
the  use  of  single  incision  laparoscopic  surgery  for 
appendectomy,  splenectomy,  nephrectomy,  prostatectomy, 
colectomy,  sleeve  gastrectomy,  adrenalectomy,  and  adjustable 
gastric  band.  However,  there  have  been  no  reported 
randomized  clinical  trials  with  direct  comparison  between  SILS 
to  conventional  laparoscopic  surgery. 

Despite  the  lack  of  evidence  demonstrating  any  superiority 
of  SILS,  it  is  being  increasingly  performed  unfortunately  in  a 
largely  unregulated  fashion  without  formal  training.  Concern 
has  been  raised  that  this  new  procedure  is  more  technically 
challenging  and  is  likely  associated  with  a  significant  learning 
curve  and  also  its  own  disadvantage  and  complication. 

Single  incision  laparoscopic  surgery  (SILS)  is  a  new 
technique  that  has  now  been  utilized  in  many  centers  for 
minimal  access  surgery  (Figs  43.13A  and  B).  The  major 
difficulty  with  this  new  technique  is  the  sacrifice  that  has  to 
be  made  in  terms  of  comfort  and  ergonomics.  One  of  the 
great  advantage  of  SILS  is  patients  are  very  satisfied  with 
their  single  scar,  and  particularly  enthusiastic  in  regard  to 
the  cosmetic  outcome  of  single  incision  approach. 

SILS  was  first  performed  for  the  treatment  of  appendicitis 
at  Department  of  Pediatric  Surgery,  Dokuz  Eylul  Medical 
School,  Izmir,  Turkey  and  first  presented  at — The  Annual 
Congress  of  Turkish  Association  of  Paediatric  Surgeons, 
October  2005. 

Synonym 

All  over  world  single  incision  laparoscopic  surgery  is  called 
by  following  names: 

•  SPL:  Single  Port  Laparoscopy 

•  SPA:  Single  Port  Access  Surgery 

•  SILS:  Single-Incision  Laparoscopic  Surgery 

•  LESS:  Laparoendoscopic  Single-Site  Surgery 

•  OPUS:  One  Port  Umbilical  Surgery 

•  NOTUS:  Natural  Orifice  Transumbilicus  Endoscopic 
Surgery. 

Equipment 

Many  companies  are  making  single  incision  laparoscopic 
surgery  equipment  (Figs  43.14  and  43.15).  Few  of  the 
famous  brands  are: 

•  SILS  device  from:  Covidien 

•  Gel  Point  system  from:  Applied  Medical 

•  R-Port  and  TriPort  from:  Advanced  Surgical  Concepts 

•  Uni-X  from:  Pnavel. 

Case  selection  is  paramount  for  the  success  of  SILS  and 
at  world  laparoscopy  hospital  we  performed  single  incision 
laparoscopic  surgery  for  the  cases  which  is  not  complicated 
and  has  minimum  risk.  Good  ergonomics  in  single  incision 
laparoscopic  surgery  need  articulating  instrument  and  high 


Figs  43.13A  and  B:  Single  incision  laparoscopic  surgery 


Fig.  43.14:  Articulating  instruments  used  in  SILS 


end  energy  sources  like  tissue  response  generator  (LigaSure) 
and  Ultrasonic  dissector  (Harmonic). 

Advantage  of  SILS 

•  Cosmesis  +  +  +  (Figs  43.16  and  43.17) 

•  Ease  of  tissue  retrieval  +  +  +  + 

•  Combination  procedure  +  +  + 

•  Patient  acceptance  +  +  +  + 

•  Quality  of  life  analysis  +  + 

•  Standard  equipment  +  + 

•  Do  not  violate  natural  orifices  +  +  +  + 

•  Surgeon’s  domain  +  +  + 

Disadvantage  of  SILS 

•  More  pain  compared  to  laparoscopic  surgery 

•  Violating  principles  of  ergonomics 

•  Incisional  hernia  chances  are  more  compared  to 
laparoscopic  surgery 

•  More  wound  infection  compared  to  laparoscopic  surgery 

•  Bigger  learning  curve  compared  to  laparoscopic  surgery 

•  Not  cost  effective  compared  to  laparoscopic  surgery. 
The  evolution  of  surgery  toward  less  invasive  approaches 

has  act  as  stimulant  effect  towards  the  development  of  new 


less  invasive  techniques  in  entering  the  abdominal  cavity.  An 
example  of  such  technique  is  the  use  of  a  single  skin  incision 
through  which  multiple  instruments  can  be  inserted  into  the 
abdomen.  This  single-incision  laparoscopic  technique  has  been 
described  by  a  variety  of  names  as  we  have  discussed  earlier. 

With  this  single  incision  of  entry,  Single-incision 
laparoscopic  surgery  (SILS)  is  theoretically  less  invasive 
approach  compared  to  the  standard  multi  port  laparoscopic 
surgery.  However,  SILS  may  not  allow  the  same  level  of 
manual  dexterity  and  technical  performance  compared  to 
conventional  laparoscopic  surgery  that  in  certain  aspect,  it 
even  violates  the  principle  of  laparoscopic  surgery  (Figs 
43.18A  and  B). 

Laparoscopic  cholecystectomy  has  become  the  standard 
procedure  for  treating  gallstones,  cholecystitis,  or  gallbladder 
polyps.  Traditionally,  LC  has  involved  four  ports.  Many 
laparoscopic  techniques  happen  to  be  developed  using  this  4- 
port  LC,  and  it  has  become  possible  to  do  these  techniques 
safely.  Now,  having  established  the  security  of  LC,  our  interest 
centered  on  lowering  the  invasiveness  and  scarring  brought 
on  by  the  procedure.  Cuesta  et  al.  reported  single-incision 
laparoscopic  cholecystectomy  (SILS),  in  which  two  5  mm  ports 
were  introduced  through  the  umbilicus,  along  with  a  Kirschner 
wire  hook  was  introduced  with  the  right  subcostal  area  to  pull 
in  an  upright  direction  in  order  to  visualize  Calot’s  triangle. 

Several  surgeons  have  described  performing  single¬ 
incision  laparoscopic  cholecystectomy  using  three  5  mm  ports 
in  the  umbilicus.  Meanwhile,  Merchant  et  al.  also  performed 
SILS  by  inserting  a  Gelport  (Applied  Medical,  Rancho  Santa 
Margarita,  CA,  USA)  to  stretch  the  umbilical  fascia  incision 
for  simple  access  with  instruments  into  the  abdominal  cavity. 
Furthermore,  a  method  involving  several  transumbilical- 
placed  ports  for  single-incision  laparoscopic  surgery  was  newly 
developed,  and  SILS  by  way  of  the  ASC  Triport  (Advanced 
Surgical  Concepts,  Wicklow,  Ireland)  continues  to  be 
described  successively.  On  the  other  hand,  a  fascinating  new 
instrument  named  SPIDER  (TransEnterix,  Inc.,  Research 
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a  familiar  handle 
style  provides  a 
comfortable  control 
point  to  reduced 
instrument 
movement 


single  handed  mechanism 
to  allow  for  straight  looking 
or  multiple  degrees 
of  freedom 


SILS 


Fig.  43.15:  Some  of  the  popular  SILS  equipments 


Scar  of  sils 


Fig.  43.16:  Comparison  of  scar  of  SILS  and  conventional 
laparoscopic  surgery 


Triangle  Park,  NC)  to  be  used  in  single-incision  surgery  was 
created,  and  it  is  use  in  SILS  in  an  animal  experiment  has 
been  reported.  As  a  result  of  these  clinical  studies,  using  single¬ 
incision  laparoscopic  cholecystectomy  has  spread  rapidly. 
Various  ports  and  instruments  are  available,  and  various 
surgical  methods  utilized  in  performing  SILS  can  be  found  in 
many  institutions;  however,  it  is  necessary  to  develop  a  great 
method  that  can  be  performed  safely  such  as  the  conventional 
4-port  LC,  and  it  is  also  essential  to  balance  safety,  operability, 
and  economy  in  this  new  technique. 

Under  general  anesthesia,  an  approximately  25  mm  vertical 
skin  incision  is  made  through  the  center  of  the  umbilicus,  the 
peritoneal  cavity  should  be  entered  with  the  open  method, 
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Scar  of  si  Is 


Fig.  43.17:  Comparison  of  scar  of  SILS,  laparoscopic  surgery  and  open  surgery 


Figs  43.18A  and  B:  Position  of  surgical  team  in  SILS 


and  then  the  SILS  port  inserted  (Figs  43.19A  to  E).  Three 
exclusive  5  mm  ports  were  inserted  through  the  SILS  port,  and 
one  5  mm  port  changeable  for  an  exclusive  12  mm  port.  The 
pneumoperitoneum  should  set  at  12  to  15  mm  and  flexible 
scope  (Olympus,  Tokyo,  Japan)  should  be  used  if  possible  for 
that  intra-abdominal  visualization.  A  couple  of  loop-type 
retractor  (Miniloop  retractor  II;  Covidien)  should  inserted  directly 
within  the  right  subcostal  area.  Following  the  patient  should 
be  put  into  the  reverse  Trendelenburg  position  and  slightly 
rotated  to  the  left,  the  fundus  of  the  gallbladder  should  tightened 
by  way  of  this  loop-type  retractor,  and  also  the  gallbladder 
thereafter  suspended.  In  dissecting  the  gallbladder,  a  curved 
grasper,  bipolar  forceps,  or  monopolar  hooks  should  be  utilized 
in  the  two  remaining  apertures.  The  cystic  duct  and  artery 
should  be  exposed  and  clipped  having  a  5  mm  clip  applier 
(EndoClip;  Covidien)  after  which  divided  with  laparoscopic 
scissors.  The  gallbladder  should  be  extracted  by  having  an 
endoscopic  retrieval  bag  (Endocatch  GOLD;  Covidien). 

Easy  replacing  a  5  mm  port  having  a  12  mm  port  is  one 
of  the  advantages  of  this  port.  Actually,  SILS  while  using 
SILS  Port  was  proven  as  safe  as  conventional  4-port  LC, 


and  complications  for  example  bile  duct  injury  or 
uncontrolled  bleeding  did  not  occur.  However,  the  issue 
areas  where  improvements  are  needed  would  be  that  the 
umbilical  scar  through  the  SILS  port  is  larger  than  that  of 
conventional  4-port  LC.  Concretely,  the  umbilical  scar  length 
when  it  comes  to  conventional  4-port  LC  involved  15  mm; 
however,  while  using  SILS  port,  it  was  approximately  25 
mm,  and  furthermore  in  instances  where  the  umbilicus 
bottom  was  shallow,  the  scar  may  be  unexpectedly  large. 
Conflict  between  your  operative  instruments  and  also  the 
scope  is  inevitable,  and  also  the  procedure  seemed  to  be 
inconvenient  to  do  since  the  surgeon  and  also  the  assistant 
needed  to  stand  in  the  same  side  from  the  patient. 

The  fundus  from  the  gallbladder  may  tightened  with  the 
Roeder  or  Meltzer  knot,  and  so  the  straight  needle  was 
inserted  from  the  abdominal  cavity  right  subcostal  abdominal 
wall.  The  gallbladder  should  be  elevated  by  raising  this  nylon 
suture,  and  a  good  surgical  field  obtained.  The  surgeon 
operated  both  one  instrument  and  also  the  5  mm  flexible 
scope  by  hand,  and  the  assistant  designed  a  good  surgical 
field  such  as  Calot’s  triangle  through  the  traction  of  the 


Figs  43.1 9A  to  E:  SILS  port  and  its  access 


gallbladder  utilizing  a  fine  loop  retractor  and  nylon  suture. 
This  technique  relieved  the  interference  between  your 
surgeon  and  also  the  assistant  and  between  your  forceps 
themselves.  To  extract  the  exfoliated  gallbladder,  one  5  mm 
port  should  be  removed,  and  an  endoscopic  retrieval  bag 
should  be  inserted  directly  with  an  original  hole,  and  the 
gallbladder  ended  up  being  extracted. 

The  fascial  defect  of  the  umbilicus  incision  should  be 
repaired  with  approximately  two  stitches,  and  an  intradermal 
suture  should  be  performed  on  the  skin  (Figs  43.20A  and  B). 
It  should  be  noted  that  during  minimal  access  surgery 
gernally  we  do  not  shave  the  hair  of  skin  around  the  port 
site.  If  it  is  required  just  treaming  of  hair  should  be  done  on 


the  operation  table  itself.  Shaving  of  hair  many  hours  before 
the  surgery  is  liable  to  bring  the  bacteria  on  the  surface  and 
may  increase  the  chances  of  skin  infection.  This  method 
represents  noninvasive  surgery  that  mixes  low  invasiveness 
with  a  scarless  outcome.  The  surgeon  operates  one 
instrument  along  with  a  5  mm  flexible  scope,  and  the 
assistant  pulls  or  pushes  the  fine  loop  retractor  and  the  nylon 
suture.  This  straightforward  transition  is  also  a  advantage 
of  our  2-port  technique  since  it  can  be  created  in  any  case 
of  cholecystitis  or  intraperitoneal  adhesion. 

With  the  global  growth  of  using  SILS,  large  series  of 
cases  happen  to  be  reported  in  many  institutes.  Curcillo  et 
al.  reported  within  their  multi-institutional  297-case  series 
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Figs  43.20A  and  B:  Port  closure  technique  in  SILS 


the  utilization  of  one  more  port  away  from  umbilicus 
occurred  in  only  34  cases,  plus  they  concluded  that  SILS 
was  safe  and  can  serve  as  an  alternative  choice  to  multiport 
therapy  with  fewer  scars  and  cosmesis.  Erbella  and  Bunch 
surprisingly  reported  their  mean  operative  time  was  30  min 
(from  22  to  75  min)  in  100  consecutive  SILS  cases.  Rivas  et 
al.  reported  that  they  observed  surgeons  in  training  and 
located  that  experienced  laparoscopic  surgeons  may  not 
have  to  undergo  a  steep  learning  curve,  plus  they  concluded 
that  SILS  was  becoming  the  conventional  process  of  most 
elective  patients  with  gallbladder  disease.  Other  reports  also 
concluded  that  SILS  was  safe;  however,  Hernandez  et  al. 
reported  that  biliary  complication  (cystic  duct  stump  leak) 
took  place  among  100  SILS  cases,  and  Edwards  et  al. 
described  that  biliary  complications  occurred  in  3.7  percent 
of  the  SILS  patients  (cystic  duct  stump  leak;  1,  accessory 
duct  leak;  2).  Moreover,  iatrogenic  combined  bile  duct  and 
right  hepatic  artery  injury  during  SILS  has  already  been 
reported,  and  the  authors  recommended  that  surgeons 
should  have  a  low  threshold  to  add  additional  ports  at  the 
appropriate  interval  to  make  sure  that  procedures  were 
completed  safely,  especially  in  their  early  stages. 

As  described,  SILS  is  really  a  useful  technique;  however, 
it  is  important  to  make  sure  that  the  procedure  is  as  safe  as 
conventional  4-port  LC.  In  our  department,  to  secure  the 
safety,  acute  cholecystitis  is  excluded  in  the  indication  for 
SILS  for  that  present.  Comparative  studies  between  SILS 
and  conventional  4-port  LC  regarding  operating  time, 
operative  cost,  complications,  postoperative  pain,  cosmetic 
result,  and  time  for  you  to  go  back  to  normal  activity  have 
been  performed  gradually  with  time.  Fronza  et  al.  reported 
that  the  operating  time  was  significantly  longer  in  SILS,  and 
12  percent  of  SILS  patients  were  readmitted  within  24  hours 
after  the  operation  although  these  readmissions  were  due 
to  complications  similar  to  those  present  in  4-port  LC. 
Similarly,  Chang  et  al.  figured  there  is  a  substantial  difference 
in  operative  time  (SILS  was  approximately  1.6  times  longer) 


as  well  as  in  operative  cost  (SILS  was  1.29  times  more 
expensive),  but  no  difference  in  postoperative  discomfort 
was  observed.  However,  their  result  that  patients  who 
underwent  SILS  returned  to  normal  activity  1.8  days  earlier 
than  4-port  LC  patients  seems  to  demonstrate  the  usefulness 
of  SILS.  Furthermore,  two  randomized  controlled  trials 
(RCTs)  that  compared  SILS  with  conventional  4-port  LC  have 
already  been  published.  One  of  these  trials  included  70 
patients,  and  the  other  included  40  patients.  Inside  a  result 
present  with  both  trials,  the  operating  amount  of  time  in  SILS 
was  more  than  that  in  4-port  LC,  although  it  was  discovered 
that  the  two  methods  differed  with  regards  to  the  patients’ 
post-operative  pain.  According  to  the  conventional  reports, 
the  benefit  of  SILS  has  not  yet  become  clear;  therefore,  well 
designed  RCTs  are  essential  to  judge  the  corrective  operative 
outcomes  and  also  the  necessity  of  SILS. 

Retroperitoneoscopy 

Traditionally,  laparoscopic  surgeries  are  performed  by 
transperitoneal  approach  following  establishment  of 
pneumoperitoneum  by  closed  technique  using  the  Veress 
needle  or  by  the  open  mini-laparotomy.  The  parietal 
peritoneum  is  then  secondarily  incised  and  dissected  to 
obtain  access  to  the  retroperitoneal  target  organs  like 
kidneys,  ureters,  adrenals,  and  lymph  nodes.  Transperitoneal 
laparoscopy,  although  seemingly  expeditious,  invites  the 
potential  calamities  of  possible  vascular  and  bowel  injuries. 
On  the  other  hand,  retroperitoneal  laparoscopy  has  its  own 
difficulty  due  to  working  in  a  contained  limited  space. 
However,  with  technical  refinements,  several  recent  reports 
of  successful  retroperitoneoscopic  surgeries  have  proved  the 
feasibility  and  distinct  advantages  of  this  approach. 

HISTORICAL  PERSPECTIVE 

Retroperitoneoscopy  has  experienced  a  delayed 
development  and  acceptance  compared  with 
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peritoneoscopy.  Difficulties  in  providing  adequate 
visualization  and  room  for  surgical  maneuvering  as  well  as 
concerns  about  deleterious  effects  of  insufflating  the 
retroperitoneal  space  account  for  this  retarded  progression. 
Although  pneumoretroperitoneum  has  been  used  safely  for 
more  than  50  years  to  aid  in  radiographic  visualization  of 
the  kidneys  and  adrenals,  the  conjunctive  use  of  endoscopes 
has  only  recently  been  attempted. 

Retroperitoneoscopy  through  the  flank  in  a  human  was 
pioneered  by  Wickham,  who  performed  an  extra-peritoneal 
laparoscopic  ureterolithotomy  in  1978. 

Earliest  techniques,  termed  pelviscopy,  utilized  a 
telescope  to  bluntly  dissect  within  the  pelvic  retroperitoneum 
to  sample  pelvic  lymph  nodes.  The  obvious  disadvantage 
of  such  technique  has  been  the  difficulty  in  exposing  the 
obturator  nodes,  precluding  the  performance  of  an  adequate 
staging  lymphadenectomy.  In  the  initial  series  reported  by 
Hald  and  Rasmussen,  many  of  the  patients  had  no  lymph 
nodes  found  in  their  surgical  specimen.  With  refinements  of 
surgical  techniques,  subsequently  more  complete  pelviscopic 
node  dissections  have  been  reported. 

SURGICAL  TECHNIQUE 

Probably  the  most  important  initial  step  in 
retroperitoneoscopy  is  the  expansion  and  distention  of  the 
retroperitoneal  space  by  an  expanding  balloon  device.  A 
balloon  device  modified  fingers  of  a  latex  rubber  glove  is 
tied  off,  and  the  glove  is  secured  over  the  distal  end  of  the 
sheath  of  cannula  (Fig.  43.21). 

The  device  is  placed  in  the  retroperitoneum  and 
expanded  by  injecting  saline.  Special  trocars  are  available 


Fig.  43.21 :  Finger  of  glove  over  sheath  of  cannula 


with  transparent  balloons  at  their  inner  end  that  can  be 
inflated  with  air  or  fluid  to  allow  laparoscopic  visibility  of 
retroperitoneum  through  the  clear  distended  balloon. 

Retroperitoneoscopy  through  the  Flank 

This  approach  is  applicable  to  surgery  on  adrenals,  kidneys, 
and  upper  ureters.  The  patient  is  placed  in  a  lateral  decubitus 
position  with  slight  forward  tilt.  A  small  incision  is  made 
about  2  cm  below  the  twelfth  rib,  just  lateral  to  the 
sacrospinalis.  The  incision  is  deepened  through  the  fused 
lamellae  of  lumbar  fascia  to  enter  the  perinephric  space  (Fig. 
43.22). 

The  space  is  further  dissected  by  blunt  digital  exploration. 
The  expanding  device  is  introduced  into  the  retroperitoneal 
space  and  about  800-1000  ml  saline  are  injected  to  inflate 
the  balloon.  The  balloon  is  then  deflated  and  removed  (Figs 
43. 23 A  and  B). 

Laparoscope  in  11  mm  trocar  is  introduced  into  the 
retroperitoneal  space  and  carbon  dioxide  insufflation  is 
continued  to  maintain  a  pressure  of  about  14  mm  Hg.  With 
the  posterior  parietal  peritoneum  pushed  away  by  the 
expanding  device,  the  retroperitoneal  space  is  widely  opened 
by  continued  insufflation,  and  subsequent  working  ports  are 
established  under  camera  vision.  The  number  and  location 
of  accessory  ports  are  determined  by  the  surgical  procedure 
to  be  undertaken.  However,  it  is  usually  advisable  to  keep 
the  ports  posterior  to  the  anterior  axillary  line  to  avoid 
puncture  of  the  lateral  peritoneal  reflection.  During 
laparoscopic  dissection  it  is  often  helpful  to  move  the 
laparoscope  to  the  anterior  ports  for  better  visibility  as  the 
situation  may  dictate  (Fig.  43.24). 


Fig.  43.22:  Place  for  primary  trocar  insertion  in 
retroperitoneoscopy 


Figs  43.23A  and  B:  Finger  dissection  of  retroperitoneal  space 
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Fig.  43.24:  Laparoscope  with  balloon  cannula  system 


Fig.  43.25:  Ureter  as  seen  during  retroperitoneoscopy 


Retroperitoneoscopy:  Anterolateral 

For  surgery  on  mid  and  lower  ureters  and  for  internal 
spermatic  vein  ligation,  the  retroperitoneoscopy  is  performed 
by  a  small  incision  at  McBurney’s  point.  The  external  oblique 
aponeurosis  is  incised,  and  underlying  fibers  of  the  internal 
oblique  and  transverse  muscles  of  the  abdomen  are  split  to 
reach  the  extraperitoneal  space.  Following  careful  digital 
dissection,  the  expanding  device  is  introduced  and  inflated 
in  the  retroperitoneum  (Figs  43.25  and  43.26). 

Retroperitoneoscopy  for  Pelvic  Lymph  Node 

Pelvic  retroperitoneoscopy  is  ideal  for  bilateral  staging  pelvic 
lymph  node  dissection  and  bladder  neck  suspension  procedures. 
A  small  midline  incision  is  made  about  2  cm  below  the  umbilicus. 
The  linea  alba  is  opened,  and  underlying  extraperitoneal  space 
is  developed  by  digital  dissection  behind  the  rectus  muscle  of 
the  abdomen.  The  expanding  device  is  introduced  and  expanded 
by  injecting  about  1200  ml  saline  solution.  The  balloon  is 
decompressed  and  re-moved.  The  laparoscope  is  introduced 
with  high-flow  carbon  dioxide  insufflation.  Anatomic  landmarks 
of  the  symphysis  pubis,  superior  pubic  rami,  bladder  neck,  and 
external  iliac  vein  pulsations  in  the  pelvis  are  easily  identified. 
Complete  bilateral  staging  lymph-adenectomy  is  accomplished 
by  en  bloc  dissection  of  the  fibrofatty  lymphatic  tissue  from  the 
triangular  area  bounded  laterally  by  the  external  iliac  vein, 
proximally  by  the  hypogastric  artery,  and  interiorly  by  the 
endopelvic  fascia  (Figs  43.27  and  43.28). 

Conclusion 

The  pioneering  concept  of  retroperitoneal  expansion  by  Gaur 
and  coworkers  has  led  to  the  resurgence  of  retroperitoneoscopy. 
Artificial  balloon  expansion  creates  the  necessary  space  and 
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Figs  43.26A  and  B:  Two  clips  are  applied  over  ureter  and  cut  in  between 


Fig.  43.27:  Posterior  dissection  of  left  kidney 


retraction  of  neighboring  viscera,  so  that  subsequent  insufflation 
can  maintain  the  open  space  for  surgical  maneuvering.  In  a 
way,  this  technique  simulates  the  steps  of  dissection  and 
retraction  traditionally  used  during  open  surgery. 

Aside  from  preventing  the  potential  hazards  of  trans- 
peritoneal  access  and  intraperitoneal  dissection,  there  are 
certain  distinct  advantages  of  retroperitoneoscopy  in  patient 
positioning,  intestinal  retraction,  anatomic  approach  to  the 
renal  hilum,  and  postoperative  wound  drainage.  For 
retroperitoneal  approaches  to  the  adrenals,  kidneys,  and 
ureters  the  patient  is  placed  in  the  lateral  decubitus  position, 
as  opposed  to  the  supine  position  for  laparoscopy.  The 
intestines  contained  within  the  intact  peritoneal  envelope 
remain  displaced  during  retroperitoneal  dissection,  thereby 
avoiding  extensive  colonic  mobilization  and  constant 


retraction  of  bowel.  During  nephrectomy,  the  renal  hilum  is 
approached  from  the  posterior  aspect,  allowing  easier  initial 
control  of  the  renal  arteries.  Similarly  exposure  of  other 
retroperitoneal  structures  such  as  the  adrenal  gland  in  the 
right  side  is  relatively  easier  than  with  the  anterior  approach. 

The  closed  extraperitoneal  space  allows  more  effective 
postoperative  drainage,  especially  following  reconstructive  and 
reparative  surgery  such  as  pyeloplasty,  partial  nephrectomy, 
pyelolithotomy,  and  ureterolithotomy.  The  perceived  difficulties 
of  surgical  dissection  of  kidneys  and  adrenal  glands  in  a 
restricted  environment  during  retroperitoneoscopy  has  not 
proved  true  with  the  present  technique  or  initial  balloon 
expansion.  However,  organ  entrapment,  especially  of  large 
specimens,  in  the  limited  space  is  difficult. 

The  anterolateral  extraperitoneal  approach  allows  access 
for  ureterolithotomy  on  the  lower  ureter  at  and  above  the 
pelvic  inlet.  Internal  spermatic  vein  ligation  extraperitoneally 
is  done  for  treatment  of  varicocele.  The  extraperitoneal 
dissection  appears,  however,  to  be  more  extensive,  and  such 
an  approach  will  not  be  suitable  for  bilateral  variocele  surgery. 

In  the  pelvis,  the  excellent  anatomic  appearance  of  the 
bladder,  bladder  neck,  and  symphysial  structures  makes  the 
extraperitoneal  approach  ideally  suited  for  procedures  such 
as  laparoscopic  bladder-neck  suspension  and  surgery  for 
urachal  pathologies.  The  majority  of  bladder  diverticula  are 
located  posterolaterally  and  are  therefore  not  often  amenable 
to  extraperitoneal  excision. 

For  the  bilateral  staging  pelvic  lymphadenectomy  the 
extraperitoneal  approach  has  proved  its  safety  and  feasibility. 
The  lymph  node  dissection  is  anatomically  precise, 
simulating  the  standards  of  open  pelvic  lymphadenectomy. 

The  advantage  of  retroperitoneal  C02  insufflation  is  that 
by  avoiding  C02  contact  with  the  peritoneal  membrane, 
there  is  less  hypothermia  and  reduced  postoperative 


Figs  43.28A  and  B:  Dissection  of  hilum  of  kidney  and  application  of  clips  before  cutting 


pain  from  diaphragmatic  irritation.  In  conclusion, 
retroperitoneoscopy  offers  another  viable  option  in  the 
developing  field  of  laparoscopy.  The  surgical  indications  that 
warrant  an  extraperitoneal  approach  in  open  surgery  hold 
true  for  retroperitoneoscopy  as  well.  As  a  minimally  invasive 
technique,  retroperitoneoscopy  emulates  the  established 
standards  and  principles  of  open  urologic  procedures  without 
compromising  surgical  efficiency  and  patient  safety. 

MINIMAL  ACCESS  NECK  SURGERY 

One  of  the  newest  frontiers  is  in  minimally  invasive  soft  tissue 
surgery  performed  outside  an  established  body  cavity.  The 
neck  has  been  one  of  the  soft  tissue  spaces  of  considerable 
interest,  and  endoscopic  or  endoscopic-assisted  techniques 
have  recently  been  used  to  perform  both  thyroidectomy  and 
parathyroidectomy.  Several  technical  advances  have 
facilitated  the  development  of  these  new  procedures, 
including  the  availability  of  balloon  dilator  for  making 
artificial  space,  external  lifts,  ultrasonic  coagulators,  and 
smaller  2  to  3  mm  diameter  endoscopic  instrumentation. 

Background 

In  whole  world  thyroidectomy  and  parathyroidectomy  are 
the  two  most  commonly  performed  endocrine  surgical 
procedures.  The  most  common  indication  for  thyroidectomy 
is  a  solitary  nodule  that  is  not  clearly  benign  on  fine-needle 
biopsy.  Parathyroidectomy  is  most  commonly  performed  for 
primary  hyperparathyroidism,  in  which  a  single  enlarged  gland 
or  adenoma  accounts  for  maximum  number  of  cases.  The 
principles  of  neck  exploration  for  these  two  disorders  are  well 
established,  and  the  morbidity  of  operation  is  low  when  carried 
out  by  an  experienced  minimal  access  surgeon.  Unlike  many 
open  abdominal  operations,  recovery  is  also  rapid  and  most 


patients  are  discharged  from  the  hospital  the  day  after  surgery 
and  return  to  unlimited  physical  activity  within  fortnight. 

Already  many  surgeons  are  attempting  to  perform 
thyroidectomy  and  parathyroidectomy  through  smaller  and 
smaller  open  incisions  to  achieve  better  cosmetic  results. 
However,  as  open  incisions  become  smaller,  surgical 
exposure,  access,  ease  of  dissection,  and  even  safety  may  be 
compromised.  Further  evidence  is  that  parathyroidectomy, 
for  example,  is  viewed  as  an  invasive  procedure  by  patients 
and  by  referring  endocrinologists  is  the  reluctance  of  many 
individuals  with  asymptomatic  or  minimally  symptomatic 
disease  to  undergo  a  definitive  and  curative  operation  despite 
the  cumulative  risks  of  hyperparathyroidism  over  time, 
including  osteoporosis  and  other  metabolic  sequelae. 

In  parathyroid  surgery,  there  has  also  been  interest  in  a 
focused,  unilateral  exploration  of  the  neck  rather  than  the 
accepted  gold  standard  of  bilateral  neck  exploration  with 
identification  and  biopsy  of  all  four  parathyroids.  Exploration 
of  both  sides  of  the  neck  avoids  the  problem  of  missed  multiple 
adenomas  or  asymmetric  hyperplasia,  which  can  occur  in  up 
to  5  to  15  percent  of  cases  and  eliminates  the  need  for 
preoperative  localization  studies.  However,  the  advantages  of 
unilateral  neck  exploration  are  that  it  results  in  less  dissection, 
operative  times  are  shorter.  There  may  also  be  fewer  injuries 
to  the  recurrent  laryngeal  nerve  and  the  other  parathyroid  glands 
from  leaving  the  contralateral  neck  undisturbed.  Improvements 
in  the  accuracy  of  parathyroid  imaging,  such  as  "mTc  sestamibi 
scanning  and  intraoperative  assessment  of  curative  resection 
with  the  quick  parathyroid  hormone  assay  have  led  to  better 
outcomes  from  and  wider  application  of  the  unilateral 
approach.  These  considerations  become  increasingly  important 
in  the  current  economic  environment  in  health  care. 

Under  these  circumstances,  minimal  access  approach 
to  neck  exploration  may  offer  certain  possible  benefits, 
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including  improved  visualization  due  to  magnification,  better 
cosmesis,  less  trauma  to  the  neck  musculature,  less  pain, 
and  a  more  rapid  recovery.  Disadvantages  of  this  approach 
might  include  longer  operative  times,  increased  hospital 
costs,  possible  risk  of  injury  to  the  recurrent  laryngeal  nerve, 
potential  tumor  spillage,  inability  to  localize  the  parathyroids, 
and  adverse  effects  of  neck  insufflation.  Consideration  of 
an  endoscopic  approach  to  neck  exploration,  at  the  least, 
presents  several  challenges  from  an  anatomic  standpoint. 
Unlike  the  abdominal  cavity,  in  which  there  is  an  easily 
distensible  space  for  laparoscopy,  the  area  that  must  be 
expanded  and  maintained  to  allow  endoscopic  access  in 
the  neck  is  composed  of  only  potential  spaces  between  soft 
tissue  and  muscle  planes  and  the  trachea.  The  thyroid  and 
parathyroid  glands  are  situated  within  the  pretracheal  space 
and  are  covered  by  the  strap  muscles  anteriorly  and  laterally, 
which  also  limits  exposure  and  access. 

The  absence  of  a  discrete  anatomic  compartmental 
boundary  in  the  neck  adds  further  problems  if  insufflation  is 
used  because  of  the  potential  for  gaseous  diffusion 
subcutaneously  and  into  the  mediastinum.  The  thyroid  and 
parathyroids  are  also  highly  vascular  structures  and  are 
intimately  related  to  the  recurrent  laryngeal  nerve  and  inferior 
thyroid  artery.  Further,  the  location  of  the  parathyroids, 
especially  the  inferior  glands,  is  often  variable. 

Several  technologic  advances  have  been  necessary  to 
facilitate  the  development  of  endoscopic  neck  exploration. 
Miniature  2  to  3  mm  endoscopic  instruments  have  been 
constructed  suitable  for  smaller  working  space  and  the  more 
delicate  structures  in  the  neck.  Many  balloon  space  maker 
devices  have  been  invented,  just  like  used  in  laparoscopic 
hernia  repair,  could  be  adapted  to  create  a  working  space. 
Gasless  laparoscopy  has  been  used  with  mechanical  lifts  and 
retractors  to  maintain  the  working  space  and  thus  eliminate 
the  need  for  insufflation  of  the  neck.  Ultrasonic  coagulators 
and  small  clip  appliers  may  be  more  appropriate  for  obtaining 
hemostasis  in  the  neck  rather  than  monopolar  cautery. 
Endoscopic  ultrasound  also  aid  in  intraoperative  localization 
of  the  parathyroid  adenoma,  which  is  localized  preoperatively 
by  sestamibi  scanning.  These  considerations  led  our  group 
to  first  explore  the  possibility  of  an  endoscopic  approach  to 
neck  exploration  in  an  experimental  animal  model. 

Endoscopic  Parathyroidectomy 

Endoscopic  parathyroidectomy  in  humans  was  first  performed 
successfully  by  Gagner  in  1995.  The  patient  had  familial 
hyperparathyroidism  and  initially  presented  with  acute 
pancreatitis  for  which  he  required  laparoscopic 
pancreaticojej unostomy  with  stone  extraction  as  well  as 
laparoscopic  cholecystectomy.  A  preoperative  sestamibi  scan 
showed  four-gland  uptake  consistent  with  generalized 


parathyroid  hyperplasia,  and  a  subtotal  parathyroidectomy  was 
performed  endoscopically.  Access  to  the  neck  was  obtained 
with  four  5  mm  ports  placed  1  cm  above  the  clavicle  and  sternal 
notch.  Exposure  was  achieved  by  insufflation  of  the 
subplatysmal  space  with  15  mm  Hg2+  pressure,  which  was 
maintained  throughout  the  operation.  Operative  time  was  5 
hours  and  intraoperatively  the  patient  experienced  tachycardia 
and  hypercarbia.  Postoperatively,  he  had  subcutaneous 
emphysema  from  the  eyelids  to  the  scrotum.  He  recovered 
uneventfully,  however,  and  was  discharged  on  the  fourth 
postoperative  day  with  a  normal  serum  calcium  level. 

Since  this  initial  report,  endoscopic  parathyroidectomy  has 
been  carried  out  by  a  small  number  of  surgeons  using  either 
low-level  gas  insufflation  of  the  neck  or  external  retractors 
without  C02  gas.  Gagner  has  excised  parathyroid  adenomas 
in  several  cases,  but  uses  a  lower  C02  insufflation  pressure  (7 
to  10  mm  Hg2+ )  to  reduce  the  adverse  effects  of  this  technique. 
Duluq  has  also  successfully  performed  endoscopic 
parathyroidectomy  in  several  patients  with  low-level  (7  mm 
Hg2+)  C02  insulation  for  exposure.  Norman  and  Albrink 
attempted  parathyroidectomy  in  four  patients  after  preoperative 
localization  with  sestamibi  imaging.  Initial  access  to  the 
pretracheal  space  was  achieved  via  a  1.5  cm  incision,  but  C02 
at  a  low  insulation  pressure  (8  mm  Hg2+ )  was  used  to  maintain 
a  working  space.  Although  the  parathyroid  adenoma  was 
visualized  in  three  of  the  four  cases,  endoscopic  excision  was 
successful  in  only  two  patients,  and  only  one  normal  parathyroid 
was  identified  out  of  these  four  explorations.  At  the  conclusion 
of  the  endoscopic  procedure,  all  patients  were  converted  to 
open  exploration  via  a  3.5  cm  incision,  through  which  the 
ipsilateral  remaining  parathyroids,  both  normal  and 
adenomatous,  were  identified  and  either  biopsied  or  removed. 
Postoperatively,  there  was  subcutaneous  air  in  the  anterior  neck, 
but  no  other  sequela  of  C02  insulation  were  noted. 

We  recently  performed  endoscopic  parathyroidectomy 
in  two  patients  with  primary  hyperparathyroidism  using  a 
gasless  technique.  Preoperative  localization  of  the  parathyroid 
adenoma  was  carried  out  with  "mTc  sestamibi  scanning, 
which  identified  abnormal  uptake  in  the  left  neck  of  both 
patients.  Following  the  induction  of  general  anesthesia,  the 
parathyroid  adenoma  was  more  precisely  localized  with 
transcutaneous  ultrasound  and  in  each  case  was  posterior  to 
the  thyroid  lobe.  A  1.5  cm  incision  was  then  made  at  the 
sternal  notch,  and  the  strap  muscles  were  divided  in  the 
midline  to  enter  the  pretracheal  space  under  direct  vision.  In 
the  first  patient,  a  modified  space  maker  balloon  was  inserted 
into  this  space  and  inflated  to  60  ml  volume.  After  removal  of 
the  balloon,  a  working  space  was  maintained  with  a  handheld 
S-shaped  retractor.  The  strap  muscles  were  further  separated 
from  the  left  lobe  of  the  thyroid  and  the  thyroid  was  retracted 
medially  with  a  Babcock  clamp  placed  through  the  open 
insertion  site.  Endoscopic  visualization  was  achieved  with  a 
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3  mm  30°  arthroscope.  Two  4  mm  ports  were  placed  in  the 
neck  anterior  to  the  sternocleidomastoid  muscle. 

A  normal  inferior  parathyroid  was  identified  and  biopsied, 
and  the  adenoma  was  localized  to  the  superior  position  with 
the  aid  of  laparoscopic  ultrasound.  The  enlarged  gland  was 
posterior  to  the  thyroid  lobe  and  wedged  between  two  branches 
of  the  inferior  thyroid  artery  and  the  recurrent  laryngeal  nerve, 
which  led  to  a  lengthy  and  tedious  dissection.  Excision  was 
accomplished  by  blunt  dissection  with  3  mm  endoscopic 
instruments  and  the  ultrasonic  scalpel.  Small  ligaclips  placed 
through  the  open  insertion  site  were  used  to  ligate  the  vascular 
pedicle.  The  second  patient  was  approached  in  a  similar 
fashion,  but  a  small  lift  ring  attached  to  a  mechanical  retractor 
was  used  to  maintain  exposure.  A  left  superior  adenoma  was 
removed  that  weighed  1.7  g.  The  recurrent  laryngeal  nerve 
and  inferior  thyroid  artery  were  identified  during  the  dissection, 
but  it  is  difficult  to  locate  the  inferior  parathyroid  despite  careful 
examination  of  the  region  of  the  thyrothymic  ligament.  Total 
operative  time  in  our  two  patients  has  averaged  approximately 

4  hours.  Exposure  was  suboptimal  at  times  due  to  the  small 
space,  and  there  was  difficulty  in  retracting  the  strap  muscles 
laterally  and  the  thyroid  gland  medially.  Very  small  amounts 
of  bleeding  or  fluid  accumulation  obscured  the  operative  field 
and  required  frequent  sponging  through  the  open  insertion 
site.  Manipulation  and  retraction  of  the  parathyroid  with  the 
small  instruments  was  sometimes  difficult  as  well.  Parathyroid 
tissue  was  confirmed  in  all  specimens  and  serum  calcium  levels 
have  been  normal  postoperatively. 

Miccoli  used  an  endoscopic-assisted  approach  in 
approximately  20  patients.  Handheld  retractors  are  used  to 
maintain  exposure,  and  the  dissection  has  been  carried  out 
with  one  or  two  lateral  ports.  A  brief  period  of  insufflation  is 
used  initially  to  aid  in  expanding  the  pretracheal  space,  but 
the  remainder  of  the  operation  is  carried  out,  with  gasless 
retraction.  Preliminary  results  have  been  favorable,  but  not 
all  patients  have  had  a  normal  ipsilateral  parathyroid 
identified.  Confirmation  of  successful  excision  of  the 
parathyroid  adenoma  was  made  intraoperatively  with  use 
of  the  quick  parathyroid  hormone  assay. 

Alternatives  to  Endoscopic  Parathyroidectomy 

Minimally  invasive  or  less  invasive  approaches  to 
parathyroidectomy  have  been  described  recently  that  do  not 
require  endoscopic  techniques  or  instrumentation.  Norman 
and  Chheda  performed  parathyroidectomy  through  a  minimal 
2  to  3  cm  open  incision  after  precise  preoperative  localization 
of  the  adenoma  with  sestamibi  imaging.  The  technique  used 
for  parathyroid  localization  is  analogous  to  that  used  for 
sentinel  node  mapping  with  radiolympho-scintigraphy.  The 
"mTc  sestamibi  scanning  is  carried  out  3  hours  prior  to  surgical 
exploration.  The  operation  is  then  directed  with  an  11  mm 
Neoprobe,  which  is  used  to  scan  and  quantitate  radioactivity 


in  all  four  quadrants  of  the  neck.  A  2  to  3  cm  incision  is  made 
over  the  site  of  maximal  gamma  activity,  and  the  adenoma 
is  excised  through  this  minimal  incision.  The  authors  have 
used  this  technique  in  14  patients,  13  of  whom  had  adenomas 
and  one  who  was  correctly  predicted  to  have  parathyroid 
hyperplasia.  The  adenomas  were  located  operatively  on 
average  in  just  19  minutes.  Nine  cases  were  carried  out  under 
local  anesthesia,  and  11  (79%)  patients  were  discharged  the 
same  day  as  surgery.  Serum  calcium  levels  were  normal 
postoperatively  and  there  were  no  operative  complications. 

This  approach  is  potentially  very  attractive  because  it 
requires  minimal  dissection  and  can  be  carried  out  under 
local  anesthesia  as  strictly  as  outpatient  procedure.  Both 
operative  and  recovery  times  should  be  short,  which  may 
result  in  lower  hospital  costs  despite  the  use  of  preoperative 
scintigraphic  localization.  Frozen  section  examination  by 
pathology  may  also  become  unnecessary  if,  after  excision, 
all  radioactivity  is  confined  to  the  resected  specimen.  The 
limitations  of  this  approach  currently  are  that  neither  the 
ipsilateral  parathyroid  nor  the  recurrent  laryngeal  nerves 
have  been  routinely  identified  in  these  dissections.  Further, 
the  accuracy  of  “sentinel”  mapping  of  the  parathyroid 
adenoma  must  be  confirmed  by  other  investigators. 

Thoracoscopic  Parathyroidectomy 

Video-assisted  thoracoscopy  should  be  considered  as  an 
alternative  to  median  sternotomy  in  patients  with  ectopic 
mediastinal  parathyroid  adenomas.  Prim  and  coworkers  reported 
the  use  of  thoracoscopic  techniques  to  successfully  excise 
mediastinal  parathyroids  in  four  patients  with  persistent 
hyperparathyroidism  after  failed  cervical  exploration.  All  glands 
were  localized  preoperatively  by  a  combination  of  radionuclide 
scintigraphy  and  CT  scan.  The  location  of  the  abnormal  glands 
in  these  four  cases  included  the  aortopulmonary  window,  near 
the  ascending  aorta,  the  aortic  arch,  and  the  region  of  the  main 
pulmonary  artery.  Three  thoracoscopic  ports  were  used,  including 
a  10  mm  initial  access  port  placed  in  the  midaxillary  line  at  the 
sixth  intercostal  space.  Operative  times  averaged  3.25  hours 
and  all  patients  became  normocalcemic  postoperatively,  although 
one  patient  with  secondary  hyperparathyroidism  developed 
recurrent  hypercalcemia  9  months  after  surgery.  A  subxiphoid 
laparoscopic  approach  has  also  been  used  to  excise  a  mediastinal 
parathyroid  adenoma  ,  but  this  technique  would  appear  to 
provide  access  to  glands  in  the  anterior  mediastinum  only. 

Endoscopic  Thyroidectomy 

Endoscopic  excision  of  the  thyroid  is  more  technically 
demanding  because  of  the  more  complex  blood  supply  and 
the  intimate  relationship  of  the  thyroid  gland  to  the  recurrent 
laryngeal  nerve.  A  lateral  approach  is  used  in  which  three 
laparoscopic  trocars  are  placed  in  the  subplatysmal  space 


Chapter  43:  Other  Minimal  Access  Surgical  Procedures 


499 


along  the  anterior  border  of  the  sternocleidomastoid  muscle 
from  the  jugular  notch  to  the  angle  of  the  mandible.  Both  low 
pressure  C02  and  a  wall  lifter  inserted  at  the  jugular  trocar 
site  are  used  to  maintain  a  working  space.  Division  of  the 
strap  muscles  is  necessary  to  access  the  thyroid.  The  thy-roid 
vessels  are  divided  with  clips,  and  an  ultrasonic  dissector  is 
used  to  dissect  the  thyroid  from  the  recurrent  laryngeal  nerve. 
In  addition,  both  parathyroids  are  identified  and  preserved, 
as  is  the  external  branch  of  the  superior  laryngeal  nerve. 

Conclusion 

Early  experience  with  endoscopic  neck  exploration  prevents 
any  definitive  conclusions  about  its  role  in  the  management  of 
patients  with  either  hyperparathyroidism  or  thyroid  disorders. 
Published  experiences  have  to  date  been  limited  to  small  case 
reports,  and  results  and  outcomes  have  not  been  reported  in 
detail.  The  minimally  invasive  open  approach  of  “sentinel” 
parathyroidectomy  reported  by  Norman  and  Chheda  has  much 
to  commend  it,  including  accurate  localization,  rapid  operative 
times,  and  improved  cosmesis,  and  it  is  an  outpatient  operation 
that  can  be  performed  under  local  anesthesia. 

Although  the  laparoscope  provides  optical  magnification 
of  important  neurovascular  structures,  including  the  recurrent 
laryngeal  nerve,  better  methods  for  exposure  and  retraction 
of  the  strap  muscles  and  thyroid  would  greatly  facilitate 
visualization  and  dissection.  Improved  instruments  are 
needed  that  allow  safe  manipulation  of  the  parathyroid  to 
lower  the  risk  of  parathyroid  rupture  as  well  as  to  speed  the 
operative  dissection.  Suction  and  irrigation  devices  designed 
specifically  for  small  spaces  such  as  the  neck  would  help 
maintain  a  dry  operative  field.  Surgeons  will  also  need 
flexibility  in  the  exposure  and  operative  approach  to  deal 
successfully  with  variations  in  parathyroid  anatomy. 

Patient  selection  should  be  careful  for  endoscopic 
approach  until  there  is  further  experience  and  improved 
operative  technique.  Individuals,  who  are  obese,  have  a 
nodular  goiter,  have  had  previous  neck  surgery,  or  who  are 
likely  to  have  generalized  parathyroid  hyperplasia  should 
not  be  considered  as  a  good  candidate  for  an  endoscopic 
exploration.  Despite  these  limitations  and  challenges,  the 
search  for  less  invasive  means  for  performing  neck 
exploration  will  undoubtedly  continue,  and  has  already  led 
to  renewed  interest  in  a  unilateral  operative  approach  in 
patients  with  primary  hyperparathyroidism. 

MINIMAL  ACCESS  SURGERY  IN 
ORTHOPEDIC  SURGERY 

Introduction 

Conventional  (open)  methods  results  in  high  amount  of 
morbidity.  To  reduce  the  morbidity  during  the  secondary 
injury,  i.e.  the  surgical  procedures  while  opening  to  reach 


the  site  of  pathology,  encourage  the  clinician  to  use  the 
minimal  access  surgery  or  endoscopic  techniques  in 
orthopedic  surgery.  Minimal  access  surgery  with  endoscope 
in  orthopedic  practice  useful  in  the  following  fields: 

•  Arthroscopic  surgery  in  sports-related  injuries  and  other 
pathologies  in  shoulder,  elbow,  wrist,  hip,  knee,  foot  and 
ankle 

•  Arthroscopic  assisted  surgery  in  orthopedic  trauma 

•  Spine  surgery 

•  Benign  bone  tumors. 

Arthroscopy  is  a  minimally  invasive  surgical  procedure  in 
which  a  physical  examination  of  the  interior  of  a  joint  is 
performed  using  an  arthroscope,  a  type  of  endoscope  that  is 
inserted  into  the  joint  through  a  small  incision.  The  advantage 
of  arthroscopy  over  traditional  open  procedures  is  that  the  joint 
does  not  have  to  be  opened  up  fully  and  surgery  is  performed 
with  two  small  incisions — one  for  the  arthroscope  and  other 
for  the  surgical  instruments.  This  reduces  the  recovery  time  for 
the  patient  and  may  increase  the  rate  of  surgical  success  due  to 
lesser  trauma  to  the  connective  tissue.  It  is  especially  useful  for 
professional  athletes,  who  frequently  injure  joints  and  require 
faster  healing.  There  is  also  less  scarring,  because  of  the  smaller 
incisions.  In  procedures  where  endoscope  or  arthroscope  is 
used,  the  advantage  increase  manifold  by  providing  magnified 
view.  The  advantages  of  magnification  and  minimal  scarring 
are  extended  also  to  the  management  of  fracture  fixation,  carpal 
tunnel  release  at  wrist  joint  and  spinal  surgeries.  As  technology 
becomes  more  and  more  advanced,  a  greater  number  of 
minimally  invasive  surgical  interventions  have  evolved.  With 
the  increase  in  proficiency  of  arthroscopic  or  endoscopic 
surgery,  surgeons  are  now  using  the  same  technique  for 
intramedullary  lesion  and  tumor  surgery  also. 

Clinical  effectiveness  of  MAS  procedures  over  open 
procedures  was  proven  beyond  doubt.  Hundreds  of 
controlled  randomized  trials  of  procedures  using  the  MAS 
techniques  were  published  in  the  1970s  and  1980s.  The 
advantages  of  minimal  access  surgery  over  conventional 
open  surgery  are  listed  in  Table  43.1. 

In  an  era  of  rising  health  care  costs,  minimal  access  surgery 
offers  a  significant  economic  advantage  over  conventional  open 
surgery.  Decreased  hospital  time,  decreased  rehabilitation  time, 
and  a  rapid  return  to  normal  activities  all  add  up  to  a  significant 
‘savings’  in  economic  and  social  costs.  Many  surgical 

Table  43.1:  The  benefits  of  MAS  in  orthopedics 

•  Less  painful 

•  Faster  rehabilitation 

•  Better  visualization  of  the  pathology 

•  Shorter  hospital  stay 

•  Cheaper  (long-term) 

•  Aesthetic 

•  More  precise 
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procedures  require  a  combination  of  both  minimal  invasive 
and  open  techniques.  Therefore,  the  use  of  minimal  access 
surgery  must  be  tempered  with  knowledge  of  its  limitations. 

History 

Medical  endoscopy  for  internal  organs  has  begun  in  the  early 
1800s  by  Bozzini.  In  1918,  Prof  Kenji  Takagi  reported  the 
arthroscopic  examination  in  cadaveric  knee  at  Tokyo 
University  with  the  a  cystoscope.  Dr  Eugene  Bircher  was 
the  first  to  perform  and  publish  the  first  arthroscopy  on  live 
patients,  to  diagnose  tuberculosis.  Initially  internal 
examination  was  done  by  direct  visualization  through  the 
eye  piece  till  the  advent  of  fiberoptic  light  source  and  camera. 
On  the  other  hand,  the  surgical  skills  in  arthroscopy  surgery 
has  improved  with  fine  instrumentation.  Since  then  the 
developments  in  arthroscopy  have  become  manifold. 

As  with  any  other  surgical  technique,  arthroscopic  surgery 
continues  to  evolve,  improvements  in  fiberoptics,  video 
reproduction  and  miniaturization,  it  will  enhance  and  widen 
its  application.  During  the  past  two  decades,  arthroscopic 
procedures  have  been  replacing  traditional,  more  invasive 
orthopedic  surgical  procedures.  Today  arthroscopy  is  being 
done  in  almost  all  joints.  High  performance  athletes  need  a 
minimal  surgical  exposure  for  a  faster  recovery  and  quick 
return  to  the  field  with  very  minimal  morbidity.  Recently, 
training  simulators  (virtual  reality)  have  come  into  vogue  to 
teach  the  skills  necessary  for  arthroscopy  especially  the  knee. 

ARTHROSCOPIC  SURGERY  IN  SPORTS  RELATED 
INJURIES  AND  OTHER  PATHOLOGY 

Knee  Joint 

Diagnosis 

Knee  arthroscopy  with  the  advantage  of  direct  and  magnified 
view  inside  joint,  makes  it  an  excellent  diagnostic  tool.  Its 
diagnostic  accuracy  rate  of  95  percent  has  considerable 
advantages,  as  compared  with  the  75  percent  accuracy  rate 
of  clinical  evaluation  alone.  The  high  sensitivity  of  MRI  for 
arthroscopically  remediable  lesions  in  cases  of  internal 
derangement  of  the  knee  indicates  that  it  could  be  used  as 
a  screening  test  before  arthroscopy.  Comparison  of  magnetic 
resonance  imaging  and  arthroscopy  confirmed  the  higher 
accuracy  of  magnetic  resonance  imaging  in  the  diagnosis 
of  internal  derangement  but  the  results  for  articular  cartilage 
lesions  were  much  less  good.  Intra-articular  fracture, 
chondral  injury,  meniscal  and  ligamentous  injuries  (partial 
or  complete)  can  be  diagnosed  and  treated  simultaneously. 

Trauma 

Anatomic  reduction,  typically  obtained  by  direct  visualization 
through  an  arthrotomy  and  internal  fixation  (open  reduction 


and  internal  fixation),  is  the  traditional  treatment  method 
for  displaced  intra-articular  condylar  fractures  of  the  distal 
femur  and  proximal  tibia.  Arthroscopic  assisted  reduction 
and  internal  fixation,  of  a  displaced,  malrotated  intra- 
articular  fracture  fragment  involving  the  tibia  or  femur  has 
benefits  of  decreased  blood  loss,  shortened  operative  time, 
excellent  intra-articular  visualization,  decreased  soft  tissue 
dissection,  and  shortened  postoperative  recovery. 

Ligamentous  Injury 

In  acute  ligamentous  injuries,  arthroscopy  has  limited  or  no 
role  for  repair  of  these  ligamentous  structures.  Once  the  acute 
stage  subsides,  the  ligamentous  structures  can  be  reinforced 
or  reconstructed.  Arthroscopic  assisted  ligamentous 
reconstruction  is  the  gold  standard  treatment  for  ruptured 
ligament. 

Meniscal  Injury 

Meniscal  tear. 

Chondral  Injury 

According  to  recent  research,  up  to  10  to  12  percent  of 
individuals  present  with  chondral  injuries.  When  symptomatic, 
chondral  lesions  manifest  as  swelling  and  knee  pain.  The  loss 
of  cartilage  may  be  partial  or  complete,  and  it  may  affect  one 
or  multiple  locations.  Nonsurgical  treatment  modalities  include 
analgesics,  knee  brace  and  physiotherapy.  Surgical  treatment 
varies  from  arthroscopic  debridement  to  implantation  of 
autologous  chondrocytes  beneath  a  periosteal  patch  covering 
the  lesion.  Autologous  chondrocyte  transplantation  has  a 
durable  outcome  for  as  long  as  11  years. 

Osteoarthritis 

Arthroscopic  debridement  in  early  osteoarthritic  patients  may 
provide  early  symptomatic  relief  to  pain.  The  long-term 
results  are  comparable  with  conservative  management. 

Hip  Joint 

Hip  arthroscopy  is  technically  demanding,  with  a  steep 
learning  curve,  and  requires  special  distraction  tools  and 
operating  equipment.  Access  to  the  hip  joint  is  difficult  because 
of  the  resistance  to  distraction  resulting  from  the  large  muscular 
envelope,  the  strength  of  the  iliofemoral  ligament,  and  the 
negative  intra-articular  pressure.  This  operation  should  not 
be  done  without  specific  education  in  its  methods.  Hip 
arthroscopy  allows  thorough  visualization  of  the  acetabular 
labrum,  femoral  head,  and  acetabular  chondral  surfaces  as 
well  as  of  the  fovea,  ligamentum  teres,  and  adjacent  synovium. 
Microsurgical  tools  developed  specifically  for  arthroscopic  hip 
surgery  can  be  used  to  provide  the  least  intrusive  means  of 
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diagnosis  and  treatment  of  conditions  involving  the  above 
mentioned  structures  Table  43.2. 

No  radiographic  study,  including  high-contrast 
gadolinium-enhanced  arthrography-magnetic  resonance 
imaging,  is  entirely  sensitive  or  specific  for  the  diagnosis  of 
labral  tears  or  chondral  lesions.  Thus,  a  high  level  of  clinical 
suspicion  based  on  the  patient’s  symptoms  and  positive 
physical  findings  is  paramount  for  the  clinician  to  recognize 
subtle  abnormalities  in  the  hip  joint. 

Ankle  Joint 

The  advantages  and  experiences  of  arthroscopy  in  large  joints 
were  extended  to  the  small  joints  like  ankle  and  wrist. 
Arthroscopy  of  the  ankle  is  a  relatively  new  discipline  but  has 
in  recent  years  been  increasingly  applied  to  the  diagnostic 
and  therapeutic  treatment  of  ankle  disorders.  Indications  for 
arthroscopy  in  ankle  joint  are  as  follow  in  Table  43.3. 

Thirty  degree  wide  angles,  2.7  mm  arthroscope  with  a 
3.5  mm  shaver  is  used  for  ankle  joint.  Ankle  joint  is  also 
distended,  maximum  up  to  50  mm  Hg  pressure  with  the  help 
of  pump.  To  distract  the  ankle  joint  ankle  strap  can  also  be 
used  for  manual  traction.  Standard  portals  are  anteromedial, 
medial  to  the  tibialis  anterior  tendon,  and  located  about  5 
mm  proximal  to  the  medial  malleolus  and  anterolateral,  just 
lateral  to  the  peroneus  tertius  tendon.  Initial  arthroscopy  is 
performed  with  the  scope  in  the  anteromedial  portal,  but  for 
the  majority  of  the  case,  this  portal  will  be  used  for 

Table  43.2:  Indications  for  hip  arthroscopy 

•  Labral  tears 

•  Loose  bodies 

•  Acetabular  and  femoral  head  chondral  flap  lesions 

•  Foreign  body  removal 

•  Synovial  chondromatosis 

•  Collagen  diseases  with  impinging  synovitis 

•  Crystalline  hip  arthropathies 

•  Ruptured  or  impinging  ligamentum  teres 

•  Capsular  shrinkage  (Ehlers-Danlos  syndrome) 

•  Post-traumatic  conditions  (e.g.  Pipkin  fracture) 

•  After  total  hip  arthroplasty 

•  Osteonecrosis  (early  stages  prior  to  collapse) 

•  Extra-articular  conditions 


Table  43.3:  Indications  for  ankle  arthroscopy 

•  Soft  tissue  -  Soft  tissue  impingement 

-  Synovitis  (  diagnosis  and  biopsy) 

-  Arthrofibrosis 

•  Osteochondral  defect  of  the  talus 

•  Intra-articular  fracture  and  occult  intra-articular  injury 

•  Arthrodesis  of  ankle  joint 


instrumentation.  Possible  complications  with  anterior 
approach  are  injury  to  greater  saphenous  nerve  and  vein 
and  injury  to  the  dorsal  lateral  branch  of  the  peroneal  nerve. 

Recent  studies  suggest  that,  with  the  patient  in  the  prone 
position,  arthroscopic  equipment  may  be  introduced  into 
the  posterior  aspect  of  the  ankle  without  gross  injury  to  the 
posterior  neurovascular  structures. 

Shoulder  Joint 

The  shoulder  joint  is  well  encapsulated  with  muscular 
covering  throughout  its  circumference.  Open  surgical 
procedures  leads  to  bleeding  and  high  morbidity,  hence 
minimal  access  procedures  are  preferred  with  the  use  of 
arthroscope.  Indications  for  shoulder  arthroscopy  are 
enumerated  in  Table  43.4. 

Beach  chair  position  is  comfortable  for  both  the  patient 
and  the  surgeon  as  it  allows  free  access  to  shoulder  joint 
and  the  option  of  converting  to  an  open  procedure.  Standard 
portals  for  shoulder  joint  are  posterior,  anterior  and  lateral. 
Complication  for  shoulder  arthroscopy  and  its  position  are 
brachial  plexus  strain  and  hypoglossal  nerve  injury. 

Elbow  Joint 

Arthroscopic  surgery  for  elbow  joint  is  still  in  primitive  stage 
and  limited  to  arthroscopic  synovectomy.  Arthroscopic 
synovectomy  is  a  reliable  procedure  to  alleviate  pain  in  early 
grades  of  rheumatoid  arthritis.  The  fundamental  of 
arthroscopy  is  visualization  and  access.  Visualization  and 
access  to  the  ulnohumeral  and  radiocapitellar  articulation  is 
rather  difficult.  Recent  study  has  come  out  with  a  joint  jack  to 
widen  the  ulnohumeral  joint  space  to  work  better  posteriorly. 

Wrist  Joint 

Wrist  arthroscopy  is  the  third  most  common  joint  after  knee 
and  shoulder  joint  to  be  examined  by  arthroscope. 

MINIMAL  ACCESS  SURGERY  IN 
ORTHOPEDIC  TRAUMA 

Opening  of  the  fracture  site  during  exposure  further 
jeopardize  the  vascularity  at  the  fracture  site  which  adversely 
effects  the  healing  at  the  fracture  site.  The  involvement  intra- 

Table  43.4:  Indications  for  shoulder  arthroscopy 

•  Soft  tissue  -  Soft  tissue  impingement 

a.  Synovitis  (diagnosis  and  biopsy) 

b.  Arthroscopic-assisted  lysis  of  adhesion 

•  Arthroscopic-assisted  subacromial  decompression  (ASAD) 
and  acromioplasty 

•  Arthroscopic  reconstruction  (Bankart  lesion  repair,  slap  lesions) 
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articular  fracture  needs  minimal  tissue  stripping  to  further 
jeopardize  the  vascularity.  This  principle  leads  to  the 
foundation  of  the  minimal  access  surgical  principle  in 
orthopedic  trauma  surgery.  This  principle  helps  to  maintain 
the  biology  around  the  fracture  site,  so  this  fixation  is  also 
known  as  biological  fixation.  Biological  fixation  or  minimal 
access  surgery  is  extremely  useful  at  the  site  of  fractures 
with  comminution,  or  areas  with  doubtful  vascularity. 

SPINE  SURGERY  AND  ARTHROSCOPY 

Spinal  surgeries  are  thought  to  be  risky  due  to  the  vicinity  of 
the  important  structures  and  high  vascularity  (venous  plexus) 
around  the  spine.  The  conventional  (open)  exposure  to  reach 
the  site  of  pathology  needs  wide  exposure  which  in  turns 
lead  to  large  amount  of  morbidity  and  prolongs  the  period  of 
recovery  especially  in  the  thoracic  spine  surgeries.  The 
advantage  of  endoscopy  like  precision,  magnification  and  small 
incision  for  exposure  has  lead  to  the  endoscopic  spinal  surgery 
to  the  great  advantage  than  conventional  open  procedure. 

The  endoscope  allows  the  surgeon  to  use  a  “keyhole” 
incision  to  access  the  herniated  disk.  Muscle  and  tissue  are 
dilated  rather  than  being  cut  when  accessing  the  disk.  This 
leads  to  less  tissue  destruction,  less  postoperative  pain,  quicker 
recovery  times,  earlier  rehabilitation,  and  avoidance  of  general 
anesthesia.  Thermal  annuloplasty  is  an  adjunctive  procedure 
that  uses  bipolar  electrothermal  energy  (radiofrequency  and/ 
or  laser)  to  ablate  or  depopulate  the  sensitized  pain  nociceptors 
in  the  annulus,  ablate  any  inflammatory/granulation  tissue 
that  has  grown  into  the  annulus,  and  to  shrink  and  tighten 
the  stretched  or  torn  collagen  fibers  of  the  annulus. 

Scoliosis  is  a  three-dimensional  problem.  The  aim  of 
surgery  is  to  try  to  restore  the  normal  contour  of  the  back 
from  both  the  front  view  and  the  side  view.  A  technique  to 
assist  in  getting  a  maximum  of  correction  with  a  minimum 
of  scar  and  morbidity  by  releasing  the  contacted  anterior 
tissue  with  the  use  of  the  endoscope  to  go  into  the  chest 
(similar  to  the  way  surgeons  take  out  gallbladders  now)  in 
front  where  the  actual  vertebra  are  and  take  out  the  disks  in 
front  thus  relaxing  up  the  spine  so  we  can  get  better 
correction  and  the  fusion  in  back.  This  method  goes  in 
through  the  chest  using  three  or  four  small  incisions  to  reach 
the  front  of  the  spine.  Once  inside  the  chest  the  spine  is 
clearly  visible  and  “soft”  tissues  can  be  cleaned  off  exposing 
the  spine.  The  disks  are  easily  seen  and  can  be  removed. 

BONE  ENDOSCOPY  AND  TUMORS 

With  the  increasing  experience  of  seeing  inside  the  soft 
cavities  like  joint,  the  same  arthroscope  is  now  used  to  see 
inside  the  bony  cavities.  The  initial  results  are  equal  than 
the  open  surgical  procedure  with  added  advantages  of 
minimal  invasive,  no  immobilization,  quick  hospital 


discharge,  minimal  chances  of  pathological  fracture  and  very 
small  surgical  scar.  This  is  especially  useful  for  benign  cystic 
lesion  of  bone  like  giant  cell  tumor,  simple  bone  cyst  or 
enchondroma.  With  the  endoscopic  technique,  curettage 
of  the  cystic  lesion  and  filling  of  the  cavity  by  morselized 
autologous  bone  or  bone  cement  can  be  done  effectively. 
This  minimal  invasive  technique  allows  the  lesion  to  heal  at 
much  faster  rate  and  with  minimal  scaring.  This  technique 
is  being  in  practice  for  the  management  of  these  cystic  lesion 
in  soft  bones  or  in  cancellous  bones. 
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Minimal  Access  Bariatric  Surgery 


LAPAROSCOPIC  TREATMENT  FOR 
MORBID  OBESITY 

The  most  frequently  performed  gastric  procedures  for  morbid 
obesity  today  include  the  Roux-en-Y  gastric  bypass  (RYGB) 
and  vertical  banded  gastroplasty.  However,  four  basic 
approaches  have  been  traditionally  used  for  the  treatment  of 
obesity.  The  first  operation  done  for  obesity  was  the  jejunoileal 
bypass.  This  operation  was  aimed  to  bypass  90  percent  of 
the  jejunum  and  ileum  to  induce  malabsorption.  This 
operation  was  abandoned  due  to  a  high  incidence  of  severe 
complications  such  as  hepatic  failure,  cirrhosis,  nephropathy, 
and  numerous  other  metabolic  complications.  The 
gastroplasty  was  developed  to  limit  the  amount  of  oral  intake 
per  meal.  This  operation  involves  partitioning  the  stomach 
into  a  small  upper  pouch  that  empties  through  a  restricted 
stoma.  The  vertical  banded  gastroplasty  is  the  most  popular 
version  of  the  gastroplasty.  The  third  approach  to  obesity  is 
Roux-en-Y  gastric  bypass.  This  operation  also  involves 
formation  of  a  small  upper  gastric  pouch  that  is  anastomosed 
to  a  Roux-en-Y  jejunal  limb.  The  operation  both  limits  oral 
intake  per  meal  as  well  as  induces  dumping  syndrome.  Lastly, 
the  partial  biliopancreatic  bypass  induces  a  selective 
maldigestion  and  malabsorption.  This  operation  involves  a 
partial  gastrectomy  and  diversion  of  the  biliary  and  pancreatic 
secretions  to  the  distal  50  cm  of  ileum;  it  is  primarily  performed 
in  the  “super”  obese  population  (BMI  >  60  kg/m2).  The  most 
recent  development  has  been  the  modification  of  the 
adjustable  silicone  gastric  band  developed  by  Kuzmak.  This 
gastric  banding  device  has  been  modified  for  laparoscopic 
placement  and  is  a  form  of  gastric  restriction  or  gastroplasty. 

Results  of  Different  Bariatric  Surgery 

The  goals  of  surgery  are  to  induce  and  maintain  weight 
loss.  Outcome  from  surgery  is  usually  expressed  as  the 
amount  or  percent  of  excess  weight  lost.  Several  trials  have 


compared  the  effect  of  gastric  restriction  versus  gastric 
bypass.  Subsequently,  several  trials  have  confirmed  that 
Roux-en-Y  gastric  bypass  results  in  more  weight  loss 
compared  with  gastric  banding.  The  early  complications 
following  Roux-en-Y  gastric  bypass  operation  for  obesity 
include  subphrenic  abscess  or  leak  from  an  anastomosis  or 
staple  line.  This  complication  is  usually  amenable  to 
percutaneous  aspiration  and  drainage,  however,  a  small 
number  of  patients  will  require  reoperation.  The  majority  of 
early  postoperative  complications  are  minor  wound 
infections  and  seromas.  Late  complications  of  the  Roux- 
en-Y  gastric  bypass  include  vitamin  B12  and  iron  deficiency. 
On  the  other  hand,  vitamin  B12  and  iron  deficiency  anemia 
is  uncommon  after  vertical  banded  gastroplasty.  Incisional 
hernia  is  another  complication  of  morbidly  obese  patients 
undergoing  laparotomy.  Other  late  complications  include 
failure  to  lose  weight,  late  weight  regain,  and  outlet  stenosis. 
Staple  line  disruption  has  been  a  common  problem  and 
has  prompted  the  use  of  four  rows  of  staples  instead  of  two. 
Another  approach  has  been  to  divide  the  stomach  to 
produce  an  isolated  gastric  pouch. 

Laparoscopic  Vertical  Banded  Gastroplasty 

To  perform  laparoscopic  vertical  banded  gastroplasty,  the 
patient  is  placed  in  reverse  Trendelenburg’s  position  with  the 
legs  separated  in  low  stirrups.  The  surgeon  stands  between 
the  patient’s  legs.  An  alternative  approach  is  to  place  the 
patient  supine  with  a  footrest  in  the  reverse  Trendelenburg’s 
position.  The  surgeon  stands  on  the  patient’s  right  side  with 
an  assistant  on  the  left.  Five  trocars  are  placed  in  the  standard 
manner  for  gastric  surgery.  The  telescope  is  placed  through 
the  10  mm  mid  epigastric  port,  and  the  liver  retractor  is  placed 
through  a  right  subcostal  port  (Figs  44.1  A  and  B). 

There  are  two  operating  ports,  one  in  each  paramedian 
position  (right,  10  to  33  mm;  left,  15  mm).  A  window  is  created 
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at  the  lesser  curve  of  the  stomach  in  an  avascular  plane  using 
harmonic  shears.  The  posterior  stomach  wall  is  freed  of  any 
adhesions.  An  alternative  approach  to  the  lesser  sac  is  made 
by  dividing  the  gastroepiploic  vessels  along  the  greater 
curvature.  A  32  F  dilator  is  placed  via  the  mouth  into  the 
stomach.  A  site  on  the  anterior  stomach  4  to  5  cm  from  the 
gastroesophageal  junction  and  3  cm  from  the  lesser  curve  is 
marked  with  the  electrocautery.  This  site  will  be  the  center  of 
the  circular  stapler.  The  right  paramedian  port  is  upsized  to  a 
33  mm  port  to  allow  introduction  of  the  circular  stapling 
device.  The  anvil  of  the  circular  stapler  is  then  placed  posterior 
to  the  stomach.  The  pointed  trocar  is  inserted  through  the 
stomach  at  the  site  previously  marked  with  the  cautery.  The 
stapler  is  then  connected  and  fired  (Fig.  44. 1C). 

The  attachments  from  the  diaphragm  to  the  fundus  of 
the  stomach  are  divided,  and  the  fundus  is  dissected 
interiorly  using  blunt  technique.  A  linear  60  mm,  four-row, 
noncutting  stapler  is  introduced  through  the  left  paramedian 
port.  The  stapler  is  inserted  through  the  circular  window 
along  the  dilator  and  fired.  A  linear  cutter  is  applied  lateral 
to  the  previously  placed  rows  of  staples.  At  the  circular 
window,  a  strip  of  polypropylene  or  polytetrafluoroethylene 


(1.5  x  5  cm)  is  brought  around  the  stoma.  The  band  is 
sutured  into  place  around  the  dilator.  A  nasogastric  tube  is 
not  mandatory  with  this  procedure. 

Laparoscopic  Roux-en-Y  Gastric  Bypass 

Patient  positioning  and  port  placement  is  as  for  other  gastric 
procedures.  The  dissection  starts  at  the  fundus  of  the  stomach 
with  division  of  the  phrenicogastric  ligament.  The  fundus  is 
mobilized  in  an  inferior  direction  by  blunt  dissection.  On 
the  anterior  wall  of  the  stomach,  an  electrocautery  mark  is 
made  4  to  5  cm  distal  to  the  angle  of  His  to  serve  as  a 
landmark  for  the  size  of  the  gastric  pouch.  The  lesser 
omentum  is  then  opened  adjacent  to  the  mark  at  4  to  5  cm 
inside  the  nerve  of  Laterjet.  Dissection  is  carried  through 
the  lesser  sac  to  an  opening  near  the  angle  of  His.  The  medial 
subcostal  port  is  changed  to  an  18  mm  port  and  a  straight 
four-row  cutting  60  mm  stapler  is  used  to  divide  the  stomach. 
A  standard  60  mm  Roux  limb  is  fashioned  by  dividing  the 
proximal  jejunum  with  a  60  mm  linear  stapler.  The  limb  is 
brought  up  in  a  retrocolic,  retrogastric  path  to  the  small  (15 
ml)  proximal  gastric  pouch.  A  circular  stapler  is  used  for  the 
gastrojejunostomy.  The  anvil  is  inserted  via  the  oral  cavity 


Figs  44.1  A  to  C:  Laparoscopic  vertical  banded  gastroplasty 
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by  endoscopic  approach  and  using  a  percutaneous  pull  wire 
technique.  An  anastomosis  is  fashioned  by  connecting  the 
anvil  to  the  stapler  introduced  through  the  18  mm  port.  A 
stapled  side-to-side  enteroenterostomy  is  then  done  to 
restore  gastrointestinal  continuity. 

Laparoscopic  Adjustable  Gastric  Banding 

An  alternative  gastric  restrictive  operation  is  the  adjustable 
silicone  gastric  banding  (ASGB)  procedure.  It  was  first 
introduced  for  placement  through  laparotomy  by  Kuzmak 
in  1986.  This  operation  has  the  advantage  of  being  the  least 
invasive  operation  as  it  is  completely  reversible  and  allows 
for  adjustment  of  the  gastric  pouch  outlet. 

The  main  steps  of  laparoscopic  adjustable  silicone  gastric 
banding  are  as  follows  (Fig.  44.2). 


Fig.  44.2:  Port  position  of  laparoscopic  gastric  banding 


The  patient  is  placed  in  a  lithotomy  position  and  in 
reverse  Trendelenburg’s  as  for  the  most  gastric  operations. 
A  total  of  six  ports  are  placed.  The  liver  retractor  is  placed 
through  a  right  subcostal  one,  the  telescope  is  inserted 
through  a  subxiphoid  positioned  port.  The  main  operating 
ports  are  in  the  right  and  left  paramedian  positions.  The 
assistant  uses  a  left  subcostal  and  an  epigastric  port.  The 
left  paramedian  port  is  15  mm  for  introduction  of  the  band 
device.  All  of  the  other  ports  are  10  mm. 

A  gastric  calibration  tube  is  placed  via  the  mouth  into 
the  stomach.  The  balloon  is  inflated  to  15  cc  and  pulled  up 
through  the  gastroesophageal  junction. 

A  site  on  the  lesser  curve  is  chosen  to  begin  dissection 
that  corresponds  to  the  widest  circumference  of  the  balloon 
inside  stomach.  The  balloon  is  deflated  and  the  tube  is 
withdrawn  back  into  the  esophagus  (Figs  44. 3A  and  B). 

A  retrogastric  tunnel  is  then  created  using  blunt 
dissection,  staying  close  to  the  gastric  wall.  The  posterior 
gastric  wall  should  be  easily  recognized  to  prevent  injury.  A 
small  opening  in  the  phrenicogastric  ligament  is  made  with 
electrocautery  (Figs  44. 4A  and  B). 

A  grasping  instrument  is  then  placed  through  the 
retrogastric  tunnel.  The  band  is  then  introduced  into  the 
abdomen  and  grasped  with  the  instrument.  The  band  is 
pulled  into  position  around  the  stomach  (Figs  44. 5A 
and  B). 

The  calibration  tube  is  then  reinserted  into  the  proper 
position  and  the  band  closed  around  the  tube.  The 
calibration  tube  allows  for  proper  stoma  calibration  (Figs 
44.6A  to  D). 

At  least  four  sutures  are  then  placed  in  the  seromuscular 
layer  of  the  stomach  just  proximal  and  distal  to  the  band  to 
keep  it  in  the  proper  position  otherwise  the  chances  of 
displacements  are  there.  The  injection  port  is  then  connected 


Figs  44.3A  and  B:  Lesser  curvature  a  site  chosen  to  start  dissection 
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Figs  44.4A  and  B:  Creation  of  a  retrogastric  tunnel 


Figs  44.5A  and  B:  Grasping  instrument  coming  from  behind  through  retrogastric  tunnel 


Figs  44.6A  and  B 
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Figs  44.6C  and  D 

Figs  44.6A  to  D:  Band  is  pulled  from  below  the  stomach  through  retrogastric  tunnel  and  is  tightened  leaving  1 5  ml  volume  of  stomach  above 


Figs  44.7A  to  D:  Suture  is  placed  to  fix  the  band  in  position 
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to  the  band  tubing  and  implanted  into  the  left  rectus  sheath 
at  the  paramedian  port  site  (Figs  44.7A  to  D). 

SLEEVE  GASTRECTOMY 

Refer  Chapter  21. 

CONCLUSION 

In  developed  world,  obesity  is  a  major  national  health 
problem.  It  is  clear  that  morbidly  obese  patients  suffer  from 
significant  comorbidity  and  die  at  younger  age  than  healthy 
weight  individuals.  Weight  loss  to,  and  maintenance  of 
normal  weight  corrects  the  majority  of  weight-related 
morbidity  and  returns  life  expectancy  to  that  of  the  general 
population.  All  the  laparoscopic  surgeons  should  remember 
that  morbidly  obese  patients  are  at  an  increased  risk  of 
significant  morbidity  and  mortality  with  laparoscopic  surgery. 
However,  strict  attention  to  detail  allows  for  proper  selection 
of  patients  for  surgery  with  reduction  in  the  perioperative 
risk. 
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Chapter 


Complications  of 
Minimal  Access  Surgery 


INTRODUCTION 

Initial  development  of  “Minimal  Access  Surgery”  began  in 
the  animal  lab  and  was  later  studied  in  select  academic  centers. 
It  was  imported  to  the  community  hospitals  only  when  its 
benefits  and  safety  were  established.  The  development  of 
laparoscopic  cholecystectomy  was  not  designed  to  enhance 
the  safety  of  the  procedure,  but  rather  to  reduce  the  discomfort 
associated  with  the  surgical  incision.  The  fierce  economical 
competition  in  medicine  fueled  by  the  managed  care 
movement,  led  to  the  rapid  adoption  of  laparoscopic  surgery 
among  surgeons  and  gynecologist  in  community  hospitals 
who  were  not  formally  trained  in  this  technique  and  acquired 
their  knowledge  by  subscribing  to  short  courses. 

Low  complication  rates  were  reported  by  centers 
specializing  in  laparoscopic  surgery,  mostly  in  academic 
centers.  These  centers  were  able  to  reduce  the  complication 
rate  to  minimum  by  developing  proficiency  in  this  surgery. 
Regrettably  many  inexperienced  surgeons  perform  this 
technique  with  insufficient  training  and  are  responsible  for 
the  majority  of  complications  seen  during  the  performance 
of  laparoscopic  surgery. 

Physicians  who  performed  less  than  100  such  procedures 
reported  14.7  complications  per  1000  patients.  In  contrast 
experienced  surgeon  reported  a  complication  rate  of  only  3.8 
complications  per  1000  procedures.  The  Southern  Surgeons 
Club  Survey  reported  that  the  incidence  of  bile  duct  injury  was 
2.2  percent  when  the  surgeon  had  previously  performed  less 
than  13  procedures.  As  surgeons  gained  experience  the 
incidence  of  bile  duct  injury  dropped  to  0.1  percent  afterwards. 

ANESTHETIC  AND  MEDICAL 
COMPLICATIONS  IN  LAPAROSCOPY 

Although  all  types  of  anesthesia  involve  some  risk,  major  side 
effects  and  complications  from  anesthesia  in  laparoscopy  are 
uncommon.  Anesthetic  complications  include  those  that  are 


more  common  in  association  with  laparoscopic  surgery  as 
well  as  those  that  can  occur  in  any  procedure  requiring  general 
anesthetics.  One-third  of  the  deaths  associated,  with  minor 
laparoscopic  procedures  such  as  sterilization  or  diagnostic 
laparoscopy  are  secondary  to  complication  of  anesthesia. 

Among  the  potential  complications  of  all  general 
anesthetics  are: 

•  Hypoventilation 

•  Esophageal  intubation 

•  Gastroesophageal  reflux 

•  Bronchospasm 

•  Hypotension 

•  Narcotic  overdose 

•  Cardiac  arrhythmias 

•  Cardiac  arrest. 

Laparoscopy  results  in  multiple  postoperative  benefits 
including  fewer  traumas,  less  pain,  less  pulmonary 
dysfunction  quicker  recovery  and  shorter  hospital  stay.  These 
advantages  are  regularly  emphasized  and  explained.  With 
increasing  success  of  laparoscopy,  it  is  now  proposed  for 
many  surgical  procedures.  Intraoperative  cardiorespiratory 
changes  occur  during  pneumoperitoneum  PaC02  increases 
due  to  C02  absorption  form  peritoneal  cavity.  Laparoscopy 
poses  a  number  of  inherent  features  that  can  enhance  some 
of  these  risks.  For  example,  the  Trendelenburg’s  position, 
in  combination  with  the  increased  intraperitoneal  pressure 
provided  by  pneumoperitoneum  by  C02,  exerts  greater 
pressure  on  the  diaphragm,  potentiating  hypoventilation, 
resulting  hypercarbia,  and  metabolic  acidosis.  This  position, 
combined  with  anesthetic  agents  that  act  as  muscle  relaxant 
opens  the  esophageal  sphincter,  facilitates  regurgitation  of 
gastric  content,  which,  in  turn,  often  leads  to  aspiration  and 
its  attendant  complications  of  bronchospasm,  pneumonitis, 
and  pneumonia.  Intraoperative  aspiration  pneumonia  is  very 
common  in  laparoscopy  but  postoperative  pneumonia  is 
common  after  open  surgery. 
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Various  parameters  of  cardiopulmonary  function 
associated  with  C02  insufflation  include  reduced  Pa02,  02 
saturation,  tidal  volume  and  minute  ventilation,  as  well  as 
an  increased  respiratory  rate.  The  use  of  intraperitoneal  C02 
as  a  distention  medium  is  associated  with  an  increase  in 
PaC02  and  a  decrease  in  pH.  Increased  abdominal  pressure 
and  elevation  of  the  diaphragm  may  be  associated  with 
basilar  atelectasis,  which  can  result  into  right-to-left  shunt 
and  a  ventilation  perfusion  mismatch. 

Although  during  laparoscopy  the  patient’s  anesthetic  care 
is  in  the  hands  of  the  anesthesiologist,  it  is  important  for  the 
laparoscopic  surgeon  to  understand  the  prevention  and 
management  of  anesthetic  complications  by  proper 
knowledge  of  risk  involved  with  pneumoperitoneum. 

Carbon  Dioxide  Embolism 

Several  case  reports  and  experimental  data  suggest  that  the 
first  finding  during  a  carbon  dioxide  embolism  may  be  a 
rapid  increase  in  end-tidal  carbon  dioxide  tension  as  some 
of  the  carbon  dioxide  injected  into  the  vascular  system  is 
excreted  into  the  lungs.  As  more  gas  is  injected  a  vapor  lock 
is  formed  in  portions  of  the  lungs.  Areas  of  the  lung  are 
ventilated  but  not  perfused  (i.e.  become  dead  space),  and 
the  end-tidal  carbon  dioxide  rapidly  falls.  In  contrast,  during 
an  air  embolism  the  end-tidal  carbon  dioxide  tension  falls 
immediately.  Other  findings  of  a  massive  carbon  dioxide 
embolism  include  a  harsh,  mill  wheel  murmur,  a  marked 
decrease  in  blood  pressure  and  a  decrease  in  hemoglobin- 
oxygen  saturation.  In  minimal  access  surgery  the  use  of  C02 
was  started  just  to  minimize  the  risk  of  C02  embolism. 
Carbon  dioxide  is  the  most  widely  used  peritoneal  distension 
medium.  Part  of  the  reason  for  this  selection  is  the  ready 
absorption  of  C02  in  blood.  It  is  20  times  more  absorbable 
than  room  air;  consequently,  the  vast  majority  of  frequent 
microemboli  that  do  occur  are  absorbed,  usually  by  the 
splanchnic  vascular  system,  quickly  and  without  any 
incident.  However,  if  large  amounts  of  C02  gain  access  to 
the  central  venous  circulation,  if  there  is  peripheral 
vasoconstriction,  or  if  the  splanchnic  blood  flow  is  decreased 
by  excessively  high  intraperitoneal  pressure,  severe 
cardiorespiratory  compromise  may  result.  The  reported 
incidence  of  death  due  to  C02  embolism  is  not  clearly  and 
authentically  mentioned  in  any  of  the  published  article  but 
it  is  assumed  to  be  1:10,000. 

Diagnosis  of  C02  Embolism 

Carbon  dioxide  embolism  is  difficult  to  diagnose  clinically. 
Among  the  presenting  signs  of  C02  embolus  are  sudden, 
otherwise  unexplained  hypotension,  cardiac  arrhythmia, 
cyanosis  and  the  development  of  the  classical  “mill-wheel” 
or  “water-wheel”  heart  murmur.  The  end  tidal  C02  may 


increase  and  findings  consistent  with  pulmonary  edema  may 
manifest.  Accelerating  pulmonary  hypertension  may  also 
occur,  resulting  in  right-  sided  heart  failure. 

Prevention  of  C02  Embolism 

Because  gas  embolism  may  occur  as  a  result  of  direct 
intravascular  injection  via  an  insufflation  needle,  the  surgeon 
should  ensure  that  blood  is  not  emanating  from  the  needle 
prior  to  the  initiation  of  insufflation.  Gynecologic  surgeons 
can  uniformly  reduce  the  risk  of  C02  embolus  by  operating 
in  an  environment  where  the  intraperitoneal  pressure  is 
maintained  at  less  than  20  mm  Hg.  In  most  instances, 
excepting  the  initial  placement  of  trocar  in  an  insufflated 
peritoneum,  the  surgeon  should  be  able  to  function 
comfortably  with  the  intraperitoneal  pressure  between  8  and 
12  mm  Hg,  maximum  15  mm  Hg.  Such  pressures  may  also 
provide  protection  from  many  of  the  other  adverse 
cardiopulmonary  events.  The  risk  of  C02  embolus  is  also 
reduced  by  the  meticulous  maintenance  of  hemostasis,  and 
avoiding  open  venous  channels  which  is  the  portal  of  entry 
for  gas  into  the  systemic  circulation.  Another  option  in  high- 
risk  patient  is  the  use  of  “gasless”  or  “apneumic” 
laparoscopy,  where  extra  or  intraperitoneal  abdominal  lifting 
mechanisms  are  used  to  create  a  working  space  for  the 
laparoscopic  surgeon.  However,  limitations  of  these  devices 
have,  to  date,  precluded  their  wide  acceptance  by  most  of 
the  surgeons. 

The  anesthesiologist  should  continuously  monitor  the 
patient’s  skin  colors,  blood  pressure,  heart  sounds, 
electrocardiogram,  and  end-tidal  C02  so  that  the  signs  of 
C02  embolus  are  recognized  early  and  can  be  managed. 

Management  of  C02  Embolism 

If  a  carbon  dioxide  embolism  should  occur: 

•  The  patient  should  receive  on  100  percent  oxygen. 

•  Insufflation  should  be  stopped  and  the  abdomen 
decompressed. 

•  The  patient  should  be  placed  with  the  right  side  elevated 
in  the  Trendelenburg’s  position  to  avoid  further 
entrapment  of  carbon  dioxide  in  the  pulmonary 
vasculature. 

•  A  central  venous  catheter,  if  placed  rapidly,  may  allow 
aspiration  of  carbon  dioxide. 

•  Full  inotropic  support  should  be  instituted. 
Cardiopulmonary  bypass  may  be  required  to  evacuate 

the  gas  lock  and  help  remove  the  carbon  dioxide. 

If  C02  embolus  is  suspected  or  diagnosed,  the  operating 
room  team  must  act  quickly.  The  surgeon  must  evacuate 
C02  from  the  peritoneal  cavity  and  should  place  the  patient 
in  the  Durant,  or  left  lateral  decubitus  position,  with  the  head 
below  the  level  of  the  right  atrium.  A  large  bore  central 
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venous  line  should  be  immediately  established  to  allow 
aspiration  of  gas  from  the  heart.  Because  the  findings  are 
nonspecific,  other  causes  of  cardiovascular  collapse  should 
be  considered. 

Periodically  gases  other  than  carbon  dioxide  are 
investigated  for  use  for  laparoscopy.  Argon,  air,  helium  and 
nitrous  oxide  have  all  been  used  in  an  attempt  to  eliminate 
the  problems  associated  with  hypercarbia  and  peritoneal 
irritation  seen  with  carbon  dioxide.  The  lack  of  solubility  of 
air,  helium,  and  argon  effectively  prevents  hypercarbia  that 
occurs  with  insufflation  with  carbon  dioxide,  but  increases 
the  lethality  many  fold  if  gas  embolism  occurs.  Deaths  from 
argon  gas  embolism,  when  the  argon  beam  coagulator  has 
been  used  during  laparoscopy,  suggests  that  this  concern  is 
real.  Nitrous  oxide  has  solubility  similar  to  that  of  carbon 
dioxide,  but  unfortunately  it  can  support  combustion. 
Explosions  when  electrocautery  was  used  following 
insufflation  with  nitrous  oxide  have  occurred.  An  intra¬ 
abdominal  fire  when  nitrous  oxide  was  intended  to  be  used 
for  insufflation  has  also  been  reported. 

Cardiovascular  Complications 

Laparoscopic  surgery  requires  the  insufflation  of  C02  into 
the  abdominal  cavity.  Complications  associated  with  C02 
insufflation  include: 

•  Escape  of  C02  into  the  heart  or  pleural  cavity. 

•  Effects  of  the  resultant  increased  intra-abdominal 

pressure  on  cardiac,  renal  and  liver  physiology. 

•  Effects  of  the  absorbed  C02  on  cardiorespiratory 

function. 

The  fatal  complication  of  C02  embolization  to  the  heart 
and  lung  were  discussed  earlier.  C02  is  insufflated  under 
12-15  mm  Hg  pressure  to  elevate  the  abdominal  wall  and 
allow  the  camera  the  necessary  distance  to  the  organ 
operated  on.  Depending  on  the  intra-abdominal  pressure 
used  and  the  position  the  patient  is  placed — head  up  or 
head  down — several  potential  harmful  physiologic 
derangements  may  occur. 

Cardiac  arrhythmias  occur  relatively  frequently  during 
the  performance  of  laparoscopic  surgery  and  are  related  to 
a  number  of  factors,  the  most  significant  of  which  is 
hypercarbia  and  the  resulting  acidemia.  Early  reports  of 
laparoscopy  associated  arrhythmia  were  in  association  with 
spontaneous  respiration.  Consequently,  most 
anesthesiologists  have  adopted  the  universal  practice  of 
mechanical  ventilation  during  laparoscopic  surgery.  There 
are  also  a  number  of  pharmacological  considerations  that 
lead  the  anesthesiologist  to  select  agents  that  limit  the  risk 
of  cardiac  arrhythmia.  The  surgeon  may  aid  in  reducing  the 
incidence  of  hypercarbia  by  operating  with  intraperitoneal 
pressures  that  are  less  than  15  mm  Hg. 


The  use  of  an  alternate  intraperitoneal  gas  is  another 
method  by  which  the  risk  of  cardiac  arrhythmia  may  be 
reduced.  However,  while  nitrous  oxide  is  associated  with  a 
decreased  incidence  of  arrhythmia,  it  increases  the  severity 
of  shoulder  tip  pain,  and,  more  importantly,  is  insoluble  in 
blood.  External  lifting  systems  (apneumic  laparoscopy)  are 
another  option  that  can  provide  protection  against  cardiac 
arrhythmia. 

Hypotension  can  also  occur  secondary  to  excessively 
increased  intraperitoneal  pressure  resulting  in  decreased 
venous  return,  and  resulting  decreased  cardiac  output.  This 
undesirable  result  may  be  potentiated  if  the  patient  is  volume 
depleted.  Hypotension  secondary  to  cardiac  arrhythmias 
may  also  be  a  consequence  of  vagal  discharge  in  response 
to  increased  intraperitoneal  pressure.  All  of  these  side  effects 
will  be  more  dangerous  for  the  patient  with  pre-existing 
cardiovascular  compromise. 

Gastric  Reflux  During  Laparoscopy 

Patients  undergoing  laparoscopy  are  usually  considered  at 
high  risk  of  acid  aspiration  syndrome  due  to  gastric 
regurgitation  which  might  occur  due  to  the  rise  in  intragastric 
pressure  consequent  to  the  increased  IAP.  However,  during 
pneumoperitoneum,  the  lower  esophageal  sphincter  tone 
far  exceeds  the  intragastric  pressure  and  the  raised  barrier 
pressure  limits  the  incidence  of  regurgitation. 

Many  study  aimed  to  evaluate  whether  or  not  the  use  of 
intermittent  positive  pressure  ventilation  via  the  laryngeal 
mask  airway  is  associated  with  a  higher  risk  of 
gastroesophageal  reflux  when  compared  with  intermittent 
positive  pressure  ventilation  via  a  tracheal  tube  in  patients 
undergoing  day  case  gynecological  laparoscopy  in  the  head- 
down  position. 

Generally  gastric  regurgitation  and  aspiration  are 
complications  potentiated  by  laparoscopic  surgery.  Some 
patients  are  at  increased  risk,  including  those  with  obesity, 
gastroparesis,  hiatal  hernia  or  any  type  of  gastric  outlet 
obstruction.  In  such  patients,  it  is  important  to  quickly  secure 
the  airway  with  a  cuffed  endotracheal  tube  and  to  routinely 
decompress  the  stomach  with  a  nasogastric  or  orogastric 
tube.  The  surgeon  can  contribute  to  aspiration  prophylaxis 
by  operating  at  the  lowest  necessary  intraperitoneal  pressure. 
Patients  should  be  taken  out  of  the  Trendelenburg’s  position 
prior  to  being  extubated.  The  adverse  effects  of  aspiration 
may  be  minimized  with  the  routine  preoperative 
administration  of  metoclopramide,  H2  blockers,  and 
nonparticulate  antacids. 

Extraperitoneal  Gas 

During  laparoscopic  surgery  a  number  of  the  complications 
associated  with  pneumoperitoneum  or  its  achievement  are 
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described  in  the  vascular,  gastroenterologic,  urologic,  and 
anesthetic  sections.  However,  the  problem  of  extraperitoneal 
placement  or  extravasation  of  gas  has  not  been  considered. 
In  some  instances,  this  complication  occurs  as  a  result  of 
deficient  technique  (incorrect  placement  of  insufflation 
needles;  excessive  intraperitoneal  pressure);  while  in  others 
the  extravasation  is  related  to  gas  tracking  around  the  ports 
or  along  the  dissection  planes  themselves. 

Subcutaneous  emphysema  may  occur  if  the  tip  of  the 
Veress  needle  does  not  penetrate  the  peritoneal  cavity  prior 
to  insufflation  of  gas.  The  gas  may  accumulate  in  the 
subcutaneous  tissue  or  between  the  fascia  and  the  peritoneum. 
Extraperitoneal  insufflation,  which  is  associated  with  higher 
levels  of  C02  absorption  than  intraperitoneal  insufflation,  is 
reflected  by  a  sudden  rise  in  the  EtC02,  excessive  changes  in 
airway  pressure  and  respiratory  acidosis. 

Subcutaneous  emphysema  most  commonly  results  from 
preperitoneal  placement  of  an  insufflation  needle  or  leakage 
of  C02  around  the  cannula  sites,  the  latter  frequently  because 
of  excessive  intraperitoneal  pressure.  The  condition  is  usually 
mild  and  limited  to  the  abdominal  wall.  However, 
subcutaneous  emphysema  can  become  extensive,  involving 
the  extremities,  the  neck,  and  the  mediastinum.  Another 
relatively  common  location  for  emphysema  is  the  omentum 
or  mesentery,  a  circumstance  that  the  surgeon  may  mistake 
for  preperitoneal  insufflation. 

Diagnosis 

Usually  the  diagnosis  will  not  be  a  surprise,  for  the  surgeon 
will  have  had  difficulty  in  positioning  the  primary  cannula 
within  the  peritoneal  cavity.  Subcutaneous  emphysema  may 
be  readily  identified  by  the  palpation  of  crepitus,  usually  in 
the  abdominal  wall.  In  some  instances,  it  can  extend  along 
contiguous  fascial  planes  to  the  neck,  where  it  can  be 
visualized  directly.  Such  a  finding  may  reflect  the 
development  of  mediastinal  emphysema.  If  mediastinal 
emphysema  is  severe,  or  if  pneumothorax  is  developing, 
the  anesthesiologist  may  report  difficulty  in  maintaining  a 
normal  pC02,  a  feature  that  may  indicate  impending 
cardiovascular  collapse. 

Prevention 

The  risk  of  subcutaneous  emphysema  during  laparoscopic 
surgery  is  reduced  by  proper  positioning  of  an  insufflation 
needle.  Prior  to  insertion,  it  is  important  to  check  the 
insufflation  needle  for  proper  function  and  patency  and  to 
establish  the  baseline  flow  pressure  by  attaching  it  to  the 
insufflation  apparatus.  The  best  position  for  insertion  is  at 
the  base  of  the  umbilicus,  where  the  abdominal  wall  is  the 
thinnest.  The  angle  of  insertion  varies  from  45°  to  near  90°, 
depending  upon  the  patient’s  weight,  the  previous 


abdominal  surgery  and  type  of  anesthesia  as  described  in 
the  section  on  prevention  of  vascular  injuries.  The  insertion 
action  should  be  smooth  and  firm  until  the  surgeon, 
observing  and  listening  to  the  device  passing  through  the 
layers-two  (fascia  and  peritoneum)  in  the  umbilicus  and  three 
(two  layers  of  fascia;  one  peritoneum)  in  the  left  upper 
quadrant  feels  that  placement  is  intraperitoneal. 

No  one  test  is  absolutely  reliable  at  predicting 
intraperitoneal  placement.  Instead,  a  number  of  tests  should 
be  used.  Of  course,  aspiration  of  the  insufflation  needle 
should  precede  all  other  evaluations.  Two  tests  depend  upon 
the  preinflation  intraperitoneal  pressure.  If  a  drop  of  water 
is  placed  on  the  open  end  of  the  insufflation  needle,  it  should 
be  drawn  into  the  low-pressure  intraperitoneal  environment 
of  the  peritoneal  cavity.  Although  some  disagree,  the 
elevation  of  the  anterior  abdominal  wall  is  a  reasonable  way 
of  creating  a  negative  intraperitoneal  pressure.  Perhaps  a 
more  quantitative  way  of  demonstrating  the  same  principle 
is  to  attach  the  tubing  to  the  needle  after  insertion  but  prior 
to  initiating  the  flow  of  gas.  Elevation  of  the  abdominal  wall 
should  result  in  creation  of  a  low  or  negative  intraperitoneal 
pressure  (1  to  4  mm  Hg).  Insufflation  should  be  initiated  at 
a  low  flow  rate  of  about  1  liter  per  minute  until  the  surgeon 
has  confidence  that  proper  placement  has  been  achieved. 
Loss  of  liver  dullness  should  occur  when  about  500  ml  of 
gas  has  entered  the  peritoneal  cavity.  The  measured 
intraperitoneal  pressure  should  be  below  10  mm  Hg  but  up 
to  14  mm  Hg  if  the  patient  is  obese.  Abdominal  distension 
should  be  symmetrical.  If,  at  any  time,  the  surgeon  feels 
that,  the  needle  is  not  located  intraperitoneally,  it  should  be 
withdrawn  and  reinserted.  Once  the  peritoneal  cavity  has 
been  insufflated  with  an  adequate  volume  of  gas,  the  primary 
trocar  is  introduced.  The  laparoscope  is  introduced,  and,  if 
the  cannula  is  satisfactorily  located  the  tubing  is  attached  to 
the  appropriate  port. 

The  risk  of  subcutaneous  emphysema  may  be  reduced 
by  maintaining  a  low  intraperitoneal  pressure  following  the 
placement  of  the  desired  cannulas  Operate  below  15  mm  Hg 
and  usually  work  at  about  10  mm  Hg.  Although  primary  blind 
insertion  of  sharp  trocar  has  been  demonstrated  to  be  as  safe 
as  secondary  insertion  following  pneumoinsufflation,  the 
relative  incidence  of  subcutaneous  emphysema  is  unknown. 

Management 

Subcutaneous  emphysema  often  presents  a  management 
dilemma.  Rarely,  subcutaneous  emphysema  has 
pathophysiologic  consequences.  More  often,  it  is  extremely 
uncomfortable  for  the  patient,  and  is  often  disfiguring  and 
alarming  for  patients  and  family.  When  subcutaneous 
emphysema  is  severe,  physicians  may  feel  compelled  to  treat 
it,  but  the  currently  described  techniques  are  often  invasive 
or  ineffective. 
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If  the  surgeon  finds  that  the  insufflation  has  occurred 
extraperitoneally,  there  exist  a  number  of  management 
options.  While  removing  the  laparoscope  and  repeating  the 
insufflation  is  possible,  it  may  be  made  more  difficult  because 
of  the  new  configuration  of  the  anterior  peritoneum.  Open 
laparoscopy  or  the  use  of  an  alternate  sites  such  as  the  left 
upper  quadrant  should  be  considered.  One  attractive 
approach  is  to  leave  the  laparoscope  in  the  expanded 
preperitoneal  space  while  the  insufflation  needle  is  reinserted 
through  the  peritoneal  membrane,  caudal  to  the  tip  of  the 
laparoscope  under  direct  vision. 

For  mild  cases  of  subcutaneous  emphysema,  no  specific 
intra-or  postoperative  therapy  is  required,  as  the  findings, 
in  at  least  mild  cases,  quickly  resolves  following  evacuation 
of  the  pneumoperitoneum.  When  the  extravasation  extends 
to  involve  the  neck,  it  is  usually  preferable  to  terminate  the 
procedure,  as  pneumomediastinum,  pneumothorax, 
hypercarbia  and  cardiovascular  collapse  may  result. 
Following  the  end  of  the  procedure  it  is  prudent  to  obtain  a 
chest  X-ray.  The  patient  should  be  managed  expectantly 
unless  a  tension  pneumothorax  results,  when  immediate 
evacuation  must  be  performed,  using  a  chest  tube  or  a  wide 
bore  needle  (14-16  gauge)  inserted  in  the  second  intercostal 
space  in  midclavicular  line. 

Electrosurgical  Complications 

Unlike  open  surgery  where  hemostasis  (control  of  bleeding) 
is  accomplished  by  pressure  and  careful  application  of  fine 
clamps  and  ligatures,  laparoscopic  surgery  must  rely  on 
electrosurgery  to  achieve  hemostasis.  Excessive  use  of 
energy  can  burn  a  hole  in  the  wall  of  the  organ  involved. 
Current  can  also  cause  injury  to  adjacent  organs,  and  even 
distant  organs.  Complications  of  electrosurgery  occur 
secondary  to  thermal  injury  from  one  of  three  basic  causes. 
The  first  is  thermal  trauma  from  unintended  or  inappropriate 
use  of  the  active  electrode(s).  The  second  from  current 
diverting  to  another,  undesirable  path,  causing  injury  remote 
from  the  immediate  operative  field.  Third  is  injury  at  the 
site  of  the  “return”  or  dispersive  electrode.  Active  electrode 
injury  can  occur  with  either  unipolar  or  bipolar  instruments, 
while  trauma  secondary  to  current  diversion  or  dispersive 
electrode  accidents  only  occurs  with  the  unipolar  technique. 
Complications  of  electrosurgery  are  reduced  with  strict 
adherence  to  safety  protocols  coupled  with  a  sound 
understanding  of  the  circumstances  that  can  lead  to 
undesirable  effects  on  tissue. 

Active  Electrode  Trauma 

Unintended  activation  in  open  space  without  touching  the 
tissue  is  one  of  the  more  common  mechanisms  by  which  the 


active  electrode  causes  complications.  Such  a  complication 
frequently  occurs  when  an  electrode,  left  untended  within 
the  peritoneal  cavity,  is  inadvertently  activated  by  compression 
of  the  hand  switch  or  depression  of  the  foot  pedal.  Control  of 
the  electrosurgical  unit  or  generator  (ESU)  by  someone  other 
than  the  operating  surgeon  is  also  a  source  of  accidental 
activation  of  the  electrode. 

Direct  extension  is  another  mechanism  by  which  the 
active  electrode(s)  cause  complications.  The  zone  of 
vaporization  or  coagulation  may  extend  to  involve  large 
blood  vessels  or  vital  structures  such  as  the  bladder,  ureter, 
or  bowel.  Bipolar  current  reduces,  but  does  not  eliminate, 
the  risk  of  thermal  injury  to  adjacent  tissue.  Consequently, 
care  must  be  taken  to  isolate  blood  vessels  prior  to 
desiccation,  especially  when  near  vital  structures,  and  to 
apply  appropriate  amounts  of  energy  in  a  fashion  that  allows 
an  adequate  margin  of  non-injured  tissue. 

Diagnosis 

During  minimal  access  surgery  the  diagnosis  of  direct  thermal 
visceral  injury  may  be  suspected  or  confirmed 
intraoperatively.  Careful  evaluation  of  nearby  intraperitoneal 
structures  should  be  made  if  unintended  activation  of  the 
electrode  occurs.  The  visual  appearance  will  depend  upon 
a  number  of  factors  including  the  type  of  the  electrode,  its 
proximity  to  tissue,  the  output  of  the  generator,  and  the 
duration  of  its  activation.  High  power  density  activations 
will  often  result  in  vaporization  injury,  and  will  be  more  easily 
recognized  than  lower  power  density  lesions  that  result  in 
desiccation  and  coagulation. 

The  diagnosis  of  visceral  thermal  injury  is  often  delayed 
until  the  signs  and  symptoms  of  fistula  or  peritonitis  present. 
This  will  be  particularly  true  with  desiccation  injury.  Because 
these  complications  may  not  present  until  two  to  at  least  ten 
days  following  surgery,  long  after  discharge,  both  the  patient 
and  the  physician  must  be  made  aware  of  the  possible 
consequences.  Consequently,  patients  should  be  advised 
to  report  any  fever  or  increasing  abdominal  pain  experienced 
postoperatively. 

Prevention 

Electrosurgical  injuries  are  largely  prevented  if,  (a)  the 
surgeon  is  always  in  direct  control  of  electrode  activation, 
and  (b)  all  electrosurgical  hand  instruments  are  removed 
from  the  peritoneal  cavity  when  not  in  use.  When  removed 
from  the  peritoneal  cavity,  the  instruments  should  be 
detached  from  the  electrosurgical  generator  or  they  should 
be  stored  in  an  insulated  pouch  near  to  the  operative  field. 
These  measures  prevent  damage  to  the  patient’s  skin  if  the 
foot  pedal  is  accidentally  depressed. 
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Management 

Once  diagnosed  thermal  injury  to  bowel,  bladder,  or  ureter, 
recognized  at  the  time  of  laparoscopy,  should  immediately 
be  managed  appropriately,  considering  the  potential  extent 
of  the  zone  of  coagulative  necrosis.  The  extent  of  thermal 
trauma  will  depend  upon  the  characteristics  of  the  energy 
transferred  to  tissue.  An  electrosurgical  incision  made  with 
the  focused  energy  from  a  pointed  electrode  will  be 
associated  with  a  minimal  amount  of  surrounding  thermal 
injury,  and  may  be  repaired  in  a  fashion  identical  to  one 
created  mechanically.  However,  with  desiccation  injury 
created  as  a  result  of  prolonged  contact  with  a  relatively 
large  caliber  electrode,  the  thermal  necrosis  may  extend 
centimeters  from  the  point  of  contact.  In  such  instances, 
wide  excision  or  resection  will  be  necessary. 

Remote  Injury 

Remote  injury  due  to  current  diversion  can  occur  when  an 
electrical  current  finds  a  direct  path  out  of  the  patient’s  body 
via  grounded  sites  other  than  the  dispersive  electrode. 
Alternatively,  the  current  can  be  diverted  directly  to  other 
tissue  before  it  reaches  the  tip  of  the  active  electrode.  In 
either  instance,  if  the  power  density  becomes  high  enough, 
unintended  and  severe  thermal  injury  can  result.  These 
injuries  can  only  occur  with  ground-referenced  ESUs 
because  they  lack  an  isolated  circuit.  In  such  generators, 
when  the  dispersive  electrode  becomes  detached, 
unplugged,  or  otherwise  ineffective,  the  current  will  seek 
any  grounded  conductor.  If  the  conductor  has  a  small  surface 
area,  the  current  or  power  density  may  become  high  enough 
to  cause  thermal  injury.  Examples  include  electrocardiograph 
patch  electrodes  or  the  conductive  metal  components  of 
the  operating  table. 

Modem  ESUs  are  designed  and  built  with  isolated  circuits 
and  impedance  monitoring  systems  or  active  electrode 
monitoring  system.  Consequently,  if  any  part  of  the  circuit 
is  broken,  an  alarm  sounds,  and/or  the  machine  “shuts 
down,”  thereby  preventing  electrode  activation.  Since  the 
widespread  introduction  of  such  generators,  the  incidence 
of  burns  to  alternate  sites  has  become  largely  confined  to 
cases  involving  the  few  remaining  ground  referenced 
machines. 

Insulation  Failure 

Failure  in  the  insulation  coating  the  shaft  of  a  laparoscopic 
electrosurgical  electrode  can  allow  current  diversion  to 
adjacent  tissue.  The  high  power  density  resulting  from  such 
small  points  of  contact  fosters  the  creation  of  a  significant 
injury.  During  laparoscopic  surgery,  bowel  is  frequently  the 
tissue  near  to,  or  in  contact  with,  the  shaft  of  the  electrode, 
making  it  the  organ  most  susceptible  to  this  type  of 


electrosurgical  injury.  The  fact  that  the  whole  shaft  of  the 
electrode  is  frequently  not  encompassed  by  the  surgeon’s 
visual  field  at  laparoscopy  makes  it  possible  that  such  an 
injury  can  occur  unaware  to  the  operator. 

Prevention  of  complication  of  insulation  failure  starts  with 
the  selection  and  care  of  electrosurgical  hand  instruments. 
Loose  instrument  bins  should  be  replaced  with  containers 
designed  to  keep  the  instruments  from  damaging  each  other. 
The  instruments  should  be  examined  prior  to  each  case, 
searching  for  worn  or  obviously  defective  insulation.  When 
found,  the  damaged  instrument  should  be  removed  and 
repaired  or  replaced.  Despite  all  efforts,  unobserved  breaks 
in  insulation  may  rarely  occur.  While  the  use  of  disposable 
instruments  is  often  claimed  as  a  way  of  reducing  the 
incidence  of  insulation  failure,  there  is  no  guarantee  that 
this  is  the  case,  as  invisible  defects  may  occur  in  the 
manufacturing  process.  Furthermore,  the  insulation  on 
disposable  electrodes  is  thinner  and  more  susceptible  to 
trauma.  Consequently,  when  applying  unipolar  electrical 
energy,  the  shaft  of  the  instrument  should  be  kept  free  of 
vital  structures  and,  if  possible,  totally  visible  in  the  operative 
field. 

Direct  Coupling 

During  minimal  access  surgery  direct  coupling  occurs  when 
an  activated  electrode  touches  and  energizes  another  metal 
conductor  such  as  a  laparoscope,  cannula  or  other 
instrument.  If  the  conductor  is  near  to,  or  in  contact  with, 
other  tissue,  a  thermal  injury  can  result.  Such  accidents  often 
happen  following  unintentional  activation  of  an  electrode. 
Prevention  of  direct  coupling  is  facilitated  by  removal  of  the 
electrodes  when  not  in  use  and  visually-  confirming  that  the 
electrode  is  not  in  inappropriate  contact  with  other 
conductive  instruments  prior  to  activation. 

Capacitive  Coupling 

Many  capacitive  coupling  of  diathermy  current  have  been 
reported  as  causes  of  occult  injury  during  surgical 
laparoscopy.  Capacitance  reflects  the  ability  of  a  conductor 
to  establish  an  electrical  current  in  an  unconnected  but 
nearby  circuit.  An  electrical  field  is  established  around  the 
shaft  of  any  activated  laparoscopic  unipolar  electrode,  a 
circumstance  that  makes  the  electrode  a  capacitor.  This  field 
is  harmless  if  the  circuit  is  completed  via  a  dispersive,  low 
power  density  pathway.  If  capacitive  coupling  occurs 
between  the  laparoscopic  electrode  and  a  metal  cannula 
positioned  in  the  abdominal  wall,  the  current  without  any 
complication  returns  to  the  abdominal  wall  where  it  traverses 
to  the  dispersive  electrode.  However,  if  the  metal  cannula  is 
anchored  to  the  skin  by  a  nonconductive  plastic  retaining 
sleeve,  or  anchor  (a  hybrid  system) ,  the  current  will  not  return 
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to  the  abdominal  wall  because  the  sleeve  acts  as  an  insulator. 
Instead,  the  capacitor  will  have  to  search  elsewhere  to 
complete  the  circuit.  Consequently,  bowel;  or  any  other 
nearby  conductor,  can  become  the  target  of  a  relatively  high 
power  density  discharge.  The  risk  is  greater  with  high  voltage 
currents,  such  as  the  coagulation  output  on  an  electrosurgical 
generator.  This  mechanism  is  also  more  likely  to  occur  when 
a  unipolar  electrode  is  inserted  through  an  operating 
laparoscope  that,  in  turn,  is  passed  through  a  plastic 
laparoscopic  port.  In  this  configuration,  the  plastic  port  acts 
as  the  insulator.  If  the  electrode  capacitively  couples  with 
the  metal  laparoscope,  nearby  bowel  will  be  at  risk  for 
significant  thermal  injury. 

During  minimal  access  surgery  prevention  of  capacitive 
coupling  can  largely  be  accomplished  by  avoiding  the  use 
of  hybrid  laparoscope  cannula  systems  that  contain  a  mixture 
of  conductive  and  nonconductive  elements.  Instead,  it  is 
preferred  that  all  plastic  or  all-metal  cannula  systems  be  used. 
When  and  if  operating  laparoscopes  are  employed,  all  metal 
cannula  systems  should  be  the  rule  unless  there  is  no  intent 
to  perform  unipolar  electrosurgical  procedures  through  the 
operating  channel. 

Risk  of  this  injury  is  very  much  minimized  if  low  voltage 
radiofrequency  current  (cutting)  is  used,  and  when  the  high 
voltage  outputs  are  avoided. 

Dispersive  Electrode  Burns 

The  use  of  isolated  circuit  generators  with  return  electrode 
monitors  has  all  but  eliminated  dispersive  electrode  related 
thermal  injury.  Return  electrode  monitoring  (REM)  is  actually 
accomplished  by  measuring  the  impedance  (sometimes 
called  resistance)  in  the  dispersive  electrode,  which  should 
always  be  low  because  of  the  large  surface  area.  To 
accomplish  this,  most  return  electrode  monitors,  actually 
are  divided  into  two  electrodes,  allowing  the  generator  to 
compare  the  impedance  from  the  two  sides  of  the  pad.  If 
the  overall  impedance  is  high,  or  if  there  is  a  significant 
difference  between  the  two  sides,  as  is  the  case  with  partial 
detachment,  the  active  electrode  cannot  be  activated. 
Without  such  devices,  partial  detachment  of  the  patient  pad 
could  result  in  a  thermal  injury  because  reducing  the  surface 
area  of  the  electrode  raises  the  current  density.  It  is  important 
for  the  surgeon  to  establish  what  type  of  ESU  is  being  used 
in  each  case.  Absence  of  a  REM  system  is  a  reason  for 
increased  scrutiny  of  the  positioning  of  the  dispersive 
electrode,  both  before  the  surgery  begins,  and  as  the 
operation  progresses. 

Electrode  Shields  and  Monitors 

A  United  States-based  company,  (Electroscope  Inc  J  markets 
a  system  that  helps  to  reduce  further  the  chance  of  direct  or 


capacitive  coupling.  A  reusable  shield  is  passed  over  the 
shaft  of  the  laparoscopic  electrode  prior  to  its  insertion  into 
the  peritoneal  cavity.  This  shield  protects  against  insulation 
failure  and  detects  the  presence  of  significant  capacitance. 
Should  an  insulation  break  occur,  or  when  capacitance 
becomes  threatening,  the  integrated  monitoring  system 
automatically  shuts  down  the  generator.  The  shield  enlarges 
the  effective  diameter  of  the  electrode  by  about  2  mm, 
making  it  necessary  to  use  larger  caliber  laparoscopic  ports. 

Despite  perceptions  to  the  contrary,  electrosurgery  has 
been  rendered  a  safe  modality  for  use  in  surgical  procedures. 
However,  safe  and  effective  application  of  electrical  energy 
requires  an  adequate  understanding  and  implementation 
of  basic  principles  as  well  as  the  availability  of  modern 
electrosurgical  generators  and  appropriate  education  of 
medical  and  support  staff.  Care  and  prudence  must  be 
exercised  when  utilizing  electricity  within  the  peritoneal 
cavity.  The  zone  of  significant  thermal  injury  usually  extends 
beyond  that  of  the  visible  injury,  a  feature  that  must  be  borne 
in  mind  when  operating  in  close  proximity  to  vital  structures 
such  as  bowel  bladder,  ureter,  and  large  and  important  blood 
vessels.  It  is  equally  important  to  impart  the  minimal  amount 
of  thermal  injury  (if  any)  necessary  to  accomplish  the  task 
at  hand,  even  around  nonvital  structures,  by  using  the  ideal 
power  output  and  the  appropriate  active  electrodes. 

HEMORRHAGIC  COMPLICATIONS 

Hemorrhagic  complications  may  occur  as  a  consequence 
of  entry  into  the  peritoneal  cavity  or  as  a  result  of  trauma 
incurred  to  blood  vessels  encountered  during  the  course  of 
the  procedure. 

Hemorrhage  Associated  with  Access  Technique 
Great  Vessel  Injury 

During  access  the  most  dangerous  hemorrhagic 
complications  of  entry  are  to  the  great  vessels,  including  the 
aorta  and  vena  cava  as  well  as  the  common  iliac  vessels 
and  their  branches,  the  internal  and  external  iliac  arteries 
and  veins.  The  incidence  of  major  vascular  injury  is  probably 
under  reported,  but  has  been  estimated  to  range  widely  from 
0.93  to  9  per  10,000  cases.  The  trauma  most  often  occurs 
secondary  to  insertion  of  an  insufflation  needle,  but  may  be 
created  by  the  tip  of  the  trocar.  However,  not  uncommonly, 
the  injury  is  associated  with  the  insertion  of  ancillary 
laparoscopic  ports  into  the  lower  quadrants.  The  vessels  most 
frequently  damaged  are  the  aorta  and  the  right  common 
iliac  artery,  which  branches  from  the  aorta  in  the  midline. 
The  anatomically  more  posterior  location  of  the  vena  cava 
and  the  iliac  veins  provides  relative  protection,  but  not 
immunity,  from  injury.  While  most  of  these  injuries  are  small 
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amenable  to  repair  with  suture,  some  have  been  larger, 
requiring  ligation  with  or  without  the  insertion  of  a  vascular 
graft.  Not  surprisingly,  death  has  been  reported  in  a  number 
of  instances. 

Diagnosis 

If  great  vessels  are  injured  most  often  the  problem  presents  as 
profound  hypotension  with  or  without  the  appearance  of  a 
significant  volume  of  blood  within  the  peritoneal  cavity.  In  some 
instances,  the  surgeon  aspirates  blood  via  the  insufflation  needle, 
prior  to  introduction  of  distention  gas.  Frequently,  the  bleeding 
may  be  contained  in  the  retroperitoneal  space,  a  feature  that 
usually  delays  the  diagnosis.  Consequently,  the  development 
of  hypovolemic  shock  in  the  recovery  room  may  well  be 
secondary  to  otherwise  unrecognized  laceration  to  a  great 
vessel.  To  avoid  the  late  recognition,  it  is  important  to  evaluate 
the  course  of  each  great  vessel  prior  to  completing  the 
procedure. 

Prevention 

There  are  a  number  of  ways  by  which  the  incidence  of  large 
vessel  trauma  can  be  minimized.  Certainly  it  is  essential  that 
the  positioning  of  ancillary  or  secondary  trocar  in  the  lower 
quadrants  be  performed  under  direct  vision.  This  is  more 
difficult  for  the  primary  cannula.  It  has  been  suggested  that 
the  use  of  “open  laparoscopy”  for  the  initial  port  entirely 
avoids  the  issue  of  great  vessel  injury  secondary  to  insufflation 
needles  and  trocars.  However,  open  laparoscopy  has  its  own 
potential  drawbacks  such  as  increased  operating  time,  the 
need  for  larger  incisions,  and  a  greater  chance  of  wound 
infection,  all  without  eliminating  the  incidence  of  bowel  injury 
at  entry. 

The  risk  of  large  vessel  injury  should  be  reduced  if  careful 
attention  is  paid  to  access  technique  and  equipments  used.  If 
used,  both  insufflation  needles  and  the  trocar  should  be  kept 
sharp  and  surgeon  should  use  same  instrument  each  time. 
The  safety  sheath  of  the  insufflation  needle  should  be  checked 
to  ensure  that  both  the  spring  and  the  sliding  mechanism  are 
functioning  normally.  Many  disposable  trocar-cannula  systems 
are  constructed  with  a  safety  mechanism  that  covers  or  retracts 
the  trocar  following  passage  through  the  fascia  and 
peritoneum.  However,  there  are  currently  no  available  data 
that  demonstrate  a  reduction  in  the  incidence  of  major  vessel 
injury  with  the  use  of  these  devices. 

The  application  of  appropriate  technique  is  based  upon 
a  sound  understanding  of  the  normal  anatomic  relationships 
between  the  commonly  used  entry  points  and  the  great 
vessels.  A  “safety  zone”  exists  inferior  to  the  sacral 
promontory  in  the  area  bounded  superiorly  by  the 
bifurcation  of  the  aorta,  posteriorly  by  the  sacral  curve,  and 
laterally  by  the  iliac  vessels.  Safe  insertion  of  the  insufflation 


needle  mandates  that  the  instrument  be  maintained  in  a 
midline,  sagittal  plane  while  the  operator  directs  the  tip 
between  the  iliac  vessels,  anterior  to  the  sacrum  but  inferior 
to  the  bifurcation  of  the  aorta  and  the  proximal  aspect  of 
the  vena  cava.  Such  positioning  requires  elevation  of  the 
abdominal  wall  while  angling  the  insufflation  needle  about 
45°  to  horizontal.  The  tactile  and  visual  feedback  created 
when  the  needle  passes  through  the  fascial  and  peritoneal 
layers  of  the  abdominal  wall,  if  recognized  and  heeded,  may 
prevent  overaggressive  insertion  attempts.  Such 
proprioceptive  feedback  is  diminished  with  disposable 
needles  as  compared  to  the  classic  Veress  model.  Instead, 
the  surgeon  must  listen  to  the  “clicks”  as  the  needle  obturator 
retracts  when  it  passes  through  the  rectus  fascia  and  the 
peritoneum.  The  needle  should  never  be  forced. 

It  is  critical  to  note  that  these  anatomic  relationships  may 
vary  with  body  type  and  with  the  orientation  of  the  patient 
to  the  horizontal  position.  In  women  of  normal  weight  and 
body  habitus,  in  the  horizontal  recumbent  position,  the 
bifurcation  of  the  aorta  is  located  immediately  beneath  the 
umbilicus.  However,  in  obese  individuals  the  umbilicus  may 
be  positioned  up  to  2  or  more  cm  below  bifurcation. 
Fortunately,  this  circumstance  allows  the  insufflation  needle 
to  be  directed  in  a  more  vertical  position-those  between 
160  to  200  pounds  between  45°  and  90°,  while  those  women 
over  200  pounds  at  nearly  90°.  Women  placed  in  a  head 
down  position  (Trendelenburg’s  position);  will  shift  their  great 
vessel  more  superiorly  and  anteriorly  in  a  fashion  that  may 
make  them  more  vulnerable  to  an  entry  injury. 
Consequently,  positioning  of  the  insufflation  needle,  and  at 
least  the  initial  trocar  and  cannula,  should  be  accomplished 
with  the  patient  in  a  horizontal  position.  This  approach 
additionally  facilitates  the  evaluation  of  the  upper  abdomen, 
an  exercise  that  is  limited  if  the  intraperitoneal  content  is 
shifted  cephalad  by  the  patient’s  head  down  position. 

The  risk  of  great  vessel  injury  is  likely  reduced  by 
insufflating  the  peritoneal  cavity  to  adequate  pressure.  An 
intraperitoneal  pressure  of  20  mm  Hg,  while  not  desirable  for 
prolonged  periods  of  time,  can  aid  in  separating  the  abdominal 
wall  from  the  great  vessels  during  the  process  of  insertion  of  a 
sharp  trocar. 

Management 

If  blood  is  withdrawn  from  the  insufflation  needle,  it  should  be 
left  in  place  while  immediate  preparations  are  made  to  obtain 
blood  products  and  perform  laparotomy.  If  the  diagnosis  of 
hemoperitoneum  is  made  upon  initial  visualization  of  the 
peritoneal  cavity,  a  grasping  instrument  may  be  used,  if  possible, 
to  temporarily  occlude  the  vessel.  While  it  is  unlikely  that 
significant  injury  can  predictably  be  repaired  by  laparoscopically 
directed  technique,  if  temporary  hemostasis  can  be  obtained, 


Chapter  45:  Complications  of  Minimal  Access  Surgery 


521 


and  the  laceration  visualized,  selected,  localized  lesions  can  be 
repaired,  with  suture,  under  laparoscopic  guidance.  Such  an 
attempt  should  not  be  made  by  any  other  than  experienced 
and  technically  adept  surgeons.  Even  if  such  an  instance  exists, 
fine  judgment  should  be  used  so  as  not  to  delay  the  institution 
of  life-saving,  open  surgical  repair. 

Most  surgeons  should  gain  immediate  entry  into  the 
peritoneal  cavity,  and  immediately  compress  the  aorta  and 
vena  cava  just  below  the  level  of  the  renal  vessels,  gaining 
at  least  temporary  control  of  blood  loss.  At  that  juncture, 
the  most  appropriate  course  of  action,  including  the  need 
for  vascular  surgical  consultation,  will  become  more 
apparent. 

Abdominal  Wall  Vessels 

Most  commonly  injured  abdominal  wall  vessels  are  the 
inferior  epigastrics  and  superior  epigastric  vessel.  They  are 
invariably  damaged  by  the  initial  passage  of  an  ancillary 
trocar,  or  when  a  wider  device  is  introduced  later  in  the 
procedure.  The  problem  may  be  recognized  immediately 
by  the  observation  of  blood  dripping  along  the  cannula  or 
out  through  the  incision.  However,  it  is  not  uncommon  for 
the  cannula  itself  to  obstruct  the  bleeding  until  withdrawal 
at  the  end  of  the  case. 

More  sinister,  are  injuries  to  the  deep  inferior  epigastric 
vessels,  branches  of  the  external  iliac  artery  and  vein  that 
also  course  cephalad  but  are  deep  to  the  rectus  fascia  and 
often  deep  to  the  muscles  themselves.  More  laterally  located 
are  the  deep  circumflex  iliac  vessels  that  are  uncommonly 
encountered  in  laparoscopic  surgery.  Laceration  of  these 
vessels  may  cause  profound  blood  loss,  particularly  when 
the  trauma  is  unrecognized  and  causes  extraperitoneal 
bleeding. 

Diagnosis 

Diagnosis  of  abdominal  wall  vasculature  injury  is  by 
visualization  of  the  blood  dripping  down  the  cannula,  or  by 
the  postoperative  appearance  of  shock,  abdominal  wall 
discoloration,  and/or  a  hematoma  located  near  to  the 
incision.  In  some  instances,  the  blood  may  track  to  a  more 
distant  site,  presenting  as  a  pararectal  or  vulvar  mass. 
Delayed  diagnosis  may  be  prevented  at  the  end  of  the 
procedure  by  laparoscopically  evaluating  each  peritoneal 
incision  following  removal  of  the  cannula. 

Prevention 

With  the  help  of  telescope  transillumination  of  the  abdominal 
wall  from  within  will,  at  least  in  most  thin  women,  allow  for 
identification  of  the  superficial  inferior  epigastric  vessels. 
However,  the  deep  inferior  epigastric  vessels  cannot  be 


identified  by  this  mechanism  because  of  their  location  deep 
to  the  rectus  sheath.  Consequently,  prevention  of  deep 
inferior  epigastric  vessel  injury  requires  that  the  surgeon 
understand  the  anatomic  course  of  these  vessels. 

The  most  consistent  landmarks  are  the  median  umbilical 
ligaments  (obliterated  umbilical  arteries)  and  the  entry  point 
of  the  round  ligament  into  the  inguinal  canal.  At  the  pubic 
crest,  the  deep  inferior  epigastric  vessels  begin  their  course 
cephalad  between  the  medially  located  medial  umbilical 
ligament  and  the  laterally  positioned  exit  point  of  the  round 
ligament.  The  trocar  should  be  inserted  medial  or  lateral  to 
the  vessels,  if  they  are  visualized.  If  the  vessels  cannot  be 
seen,  and  it  is  necessary  to  position  the  trocar  laterally,  it 
should  be  positioned  3  to  4  cm  lateral  to  the  median  umbilical 
ligament,  or  lateral  to  the  lateral  margin  of  the  rectus 
abdominis  muscle.  Too  lateral  an  insertion  will  endanger 
the  deep  circumflex  epigastric  artery.  The  operator  may 
further  limit  risk  of  injury  by  placing  a  No:  22  spinal  needle 
though  the  skin  at  the  desired  location,  directly  observing 
the  entry  via  the  laparoscope.  This  not  only  provides  more 
reassurance  that  a  safe  location  has  been  identified,  but  the 
easily  visualized  peritoneal  needle  hole  gives  the  surgeon  a 
target  for  inserting  the  trocar  with  greater  precision. 

A  common  mistake  is  to  fashion  the  incision 
appropriately,  only  to  direct  the  trocar  medially  in  its  course 
through  the  abdominal  wall,  thereby  injuring  the  vessels. 
Another  factor  that  may  contribute  to  the  risk  of  injury  is  the 
use  of  large  diameter  trocar.  Consequently,  for  this  and  other 
reasons,  the  surgeon  should  use  the  smallest  trocar  necessary 
for  performance  of  the  procedure. 

Management 

Superficial  inferior  epigastric  artery  lacerations  usually 
respond  to  expectant  management.  Rotation  of  the  cannula 
to  a  position  where  compression  is  possible  is  also  helpful. 
Rarely  is  a  suture  necessary. 

We  have  found  that  the  use  of  a  straight  suture  passer, 
is  most  useful  for  the  ligation  of  lacerated  deep  inferior 
epigastric  vessels.  A  number  of  other  devices  and  techniques 
have  been  introduced  that  facilitate  the  accomplishment  of 
this  task.  To  summarize,  the  trocar  and  cannula  are  removed. 
Then,  under  laparoscopic  visualization,  and  using  a  ligature 
carrier,  a  ligature  is  placed  through  the  incision  and  directed 
laterally  and  interiorly,  where  it  is  held  by  a  grasping  forceps. 
The  ligature  carrier  is  removed  and  subsequently  passed 
through  the  incision  again,  without  a  suture,  but  this  time 
medial  and  inferior  to  the  lacerated  vessels.  The  suture  is 
threaded  into  the  carrier  from  within  the  peritoneal  cavity, 
and  is  then  externalized  and  tied.  For  small  incisions, 
narrower  than  the  diameter  of  the  surgeon’s  finger,  the  knot 
may  be  tightened  with  a  knot  manipulator. 
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There  are  other,  less  uniformly  successful  methods  for 
attaining  hemostasis  from  a  lacerated  deep  inferior  epigastric 
vessel.  The  most  obvious  is  the  placement  of  large,  through- 
and-through  mattress  sutures.  These  are  usually  removed 
about  48  hours  later.  Electrodesiccation  may  be  successful. 
Either  a  unipolar  or  bipolar  grasping  forceps  is  passed 
through  another  ancillary  cannula  taking  care  to  identify, 
grasp,  and  adequately  desiccate  the  vessel.  Either  continuous 
or  “blended”  current  is  used  at  appropriate  power  outputs 
for  the  machine  and  the  electrode.  Another  method  that 
has  enjoyed  some  success  is  temporary  compression  with 
the  balloon  of  a  Foley’s  catheter,  passed  through  the  incision 
into  the  peritoneal  cavity,  then  secured  and  tightened 
externally  with  a  clamp.  While  some  suggest  that  the  balloon 
should  be  left  in  place  for  24  hours,  the  delicate  channel 
may  be  damaged  by  the  clamp,  making  it  impossible  to 
deflate  the  balloon.  For  this  reason,  we  not  recommend  this 
option. 

Intraperitoneal  Vessel  Injury 

The  bleeding  may  result  from  inadvertent  entry  into  a  vessel 
failure  of  a  specific  occlusive  technique,  or  human  error  in 
the  application  of  the  selected  technique.  Furthermore,  in 
addition  to  the  problem  of  delayed  hemorrhage  inherent  in 
transection  of  arteries,  there  may  be  further  delay  in  diagnosis 
at  laparoscopy  because  of  the  restricted  visual  field  and  the 
temporary  occlusive  pressure  exerted  by  the  C02  within  the 
peritoneal  cavity. 

Diagnosis 

During  laparoscopy  inadvertent  division  of  an  artery  or  vein 
will  usually  become  immediately  self-evident.  However,  in 
some  instances,  transected  arteries  will  go  into  spasm  only 
to  begin  bleeding  minutes  to  hours  later,  an  event  that  may 
temporarily  go  unnoticed  due  to  the  limited  field  of  view 
presented  by  the  laparoscope.  Consequently,  at  the  end  of 
the  procedure,  all  areas  of  dissection  should  be  carefully 
examined.  In  addition,  the  C02  should  be  vented,  decreasing 
the  intraperitoneal  pressure  to  about  5  mm  Hg,  allowing 
recognition  of  vessels  occluded  by  the  higher  pressure. 

Prevention 

Attention  to  meticulous  technique  is  at  least  as  important  in 
laparoscopically  directed  surgery  as  it  is  for  open  or  vaginal 
cases.  During  dissection,  vessels  should  be  identified  and 
occluded  prior  to  division,  a  task  made  simpler  by  the 
magnification  afforded  by  the  laparoscope.  If  suture  is  used 
to  occlude  a  vessel  it  must  be,  of  the  appropriate  caliber, 
positioned  with  an  adequate  pedicle,  and  tied  snugly  with  a 
secure  knot.  Electrosurgery  if  used  should  be  applied  in  the 


appropriate  waveform  and  power  density  and  for  a  time 
adequate  to  allow  for  sufficient  tissue  desiccation.  Clips 
should  be  of  a  size  appropriate  for  the  vessel  and  they  must 
be  applied  in  a  secure  fashion,  also  with  an  adequate  pedicle 
of  tissue.  Care  should  be  exercised  to  avoid  manipulation 
of  pedicles  secured  with  clips  or  suture;  as  such  trauma  could 
adversely  affect  the  security  of  the  closure.  When  linear 
stapling  devices  are  employed,  the  appropriate  staple  size 
should  be  selected  and  the  tissue  encompassed  in  the  staple 
line  should  be  of  uniform  thickness.  Failure  to  maintain 
relatively  uniform  tissue  thickness  may  result  in  inadequate 
compression  of  blood  vessels  that  course  through  the  thinner 
areas  of  the  pedicle. 

Management 

Transected  vessels  should  be  secured  immediately.  If 
electrosurgical  desiccation  is  used  to  maintain  or  achieve 
hemostasis,  the  use  of  a  serial  ammeter  is  useful  to 
demonstrate  the  endpoint  of  energy  application.  There  is 
evidence  that  artery  larger  in  diameter  than  3  mm  are  less 
reliably  occluded  with  desiccation  than  are  those  3  mm  or 
less.  Care  must  be  exerted  to  avoid  blind  clamping  and 
electrosurgical  desiccation,  even  with  bipolar  instruments, 
especially  when  less  than  1  cm  from  ureter  or  bowel.  When 
a  vessel  is  in  such  a  location,  it  is  usually  preferable  to  secure 
it  with  a  clip. 

Identification  of  small  vessel  bleeding  and  ooze  is  often 
facilitated  by  the  use  of  copious  irrigation  and  even 
underwater  examination.  Capillary  ooze  may  be  managed 
with  higher  voltage  fulguration  currents  using  electrodes  with 
a  bulbous  tip.  When  using  electrosurgery  for  this  purpose, 
the  use  of  electrolyte-  containing  solutions  should  be 
avoided,  as  they  disperse  current,  rendering  the  technique 
ineffective.  Instead  the  low  viscosity  fluids  like  glycine  are 
recommended  as,  in  addition  to  being  nonconductive,  they 
may  facilitate  localization  of  the  vessels. 

GASTROINTESTINAL  COMPLICATIONS 

Following  laparoscopy,  it  is  not  uncommon  for  the  patient 
to  experience  nausea.  However,  in  some  instances  the 
problem  becomes  severe.  Gastrointestinal  viscera  potentially 
injured  during  the  performance  of  gynecologic  laparoscopy 
include  the  stomach,  the  small  bowel,  and  the  colon. 

Insufflation  Needle  Injuries 

Needle  entry  into  the  stomach  almost  invariably  happens  in 
the  presence  of  gastric  distention.  While  this  may  occur 
secondary  to  aerophagia,  the  complication  is  frequently 
related  to  difficult  or  improper  intubation  or  to  the  use  of 
mask  induction  with  an  inhalation  anesthetic.  Mechanical 
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entry  into  large  or  small  bowel  may  occur  in  any  instance, 
but  is  up  to  10  times  more  common  when  laparoscopy  is 
performed  on  patients  with  previous  intraperitoneal 
inflammation  or  abdominal  surgery.  In  such  instances,  loops 
of  intestine  can  adhere  to  the  abdominal  wall  under  the 
insertion  site.  Perforation  may  also  occur  following  an  overly 
aggressive  attempt  to  insert  the  insufflation  needle. 

Recognition 

Recognition  of  gastric  entry  by  the  insufflation  needle  may 
follow  identification  of  any  or  all  of  the  signs  of 
extraperitoneal  entry,  including  increased  filling  pressure, 
asymmetric  distension  of  the  peritoneal  cavity,  or  the 
aspiration  of  gastric  particulate  matter  through  the  lumen  of 
the  needle.  However,  the  hollow,  capacious  nature  of  the 
stomach  may  allow  the  initial  insufflation  pressure  to  remain 
normal.  Unfortunately,  in  some  instances,  the  problem  is 
not  identified  until  the  trocar  is  inserted  and  the  gastric 
mucosa  identified  by  direct  vision.  Recognition  of  bowel 
entry  usually  follows  observation  of  the  signs  described 
above  for  gastric  injury,  with  the  addition  of  feculent  odor 
to  the  list  of  findings.  Prevention  of  insufflation  needle  injury 
to  the  gastrointestinal  tract  is  important  because  such 
measures  largely  eliminate  the  risk  of  more  sinister  trocar 
trauma.  Gastric  perforation  can  largely  be  eliminated  with 
the  selective  use  of  preoperative  oral  or  nasogastric  suction. 
The  surgeon  should  request  that  this  be  performed  if  there 
has  been  difficulty  with  intubation  or  when  the  needle  is 
intentionally  inserted  near  to  the  stomach  in  the  left  upper 
quadrant. 

Many  have  suggested  that  open  laparoscopy  is  the  most 
appropriate  and  effective  way  to  reduce  the  incidence  of 
intestinal  injury  in  a  patient  at  risk  because  of  previous  lower 
abdominal  surgery.  However,  there  are  no  studies  that  prove 
this  to  be  the  case.  Indeed,  there  exists  evidence  that  open 
laparoscopy  is  itself  associated  with  intestinal  injury. 
Consequently,  many  surgeons  have  suggested  the  use  of 
left  upper  quadrant  insertion  with  a  properly  decompressed 
stomach. 

Although  not  strictly  a  prophylactic  measure,  the  routine 
use  of  preoperative  mechanical  bowel  preparation,  at  least 
in  selected,  high-risk  cases,  will  diminish  the  need  for 
laparotomy  and/  or  colostomy  if  large  bowel  entry  occurs. 

Management 

The  management  of  any  trauma  to  the  gastrointestinal  tract 
depends  in  part  upon  the  nature  of  the  injury  and  in  part 
upon  the  organ (s)  involved.  In  general,  insufflation  needle 
punctures  that  have  not  resulted  in  a  defect  significantly 
larger  than  their  diameter  may  be  handled  expectantly. 
Larger  defects  should  be  repaired  or  resected,  by 


laparoscopic  or  a  laparotomy  based  technique,  depending 
upon  extent  of  the  lesion. 

If,  following  insertion  of  an  insufflation  needle,  particulate 
debris  are  identified,  the  needle  should  be  left  in  place  and 
an  alternate  insertion  site  identified,  such  as  the  left  upper 
quadrant.  If  the  insufflation  needle  possesses  a  removable 
obturator,  a  narrow  caliber  optical  fiber  or  laparoscope  may 
be  passed  to  evaluate  the  location  of  the  tip  and  to  aid  in 
later  identification  of  the  puncture  site.  Immediately  following 
successful  entry  into  the  peritoneal  cavity,  the  site  of  injury 
is  identified.  Unless  significant  injury  or  bleeding  is  identified, 
the  situation  may  be  handled  expectantly.  If  there  is 
unexpected  extension  of  the  laceration,  it  should  be 
managed  similarly  to  a  trocar  injury. 

Trocar  Injuries 

During  access  technique  damage  caused  by  sharp  trocar 
penetration  is  usually  more  serious  than  when  needle  injury 
occurs.  Most  often,  the  injury  is  created  by  the  primary  trocar 
because  of  its  blind  insertion.  However,  inadequate  attention 
paid  to  the  insertion  of  ancillary  cannulas  may  also  result  in 
visceral  injury. 

Diagnosis 

If  a  primary  trocar  penetrates  bowel,  the  diagnosis  is  usually 
made  when  the  surgeon  visualizes  the  mucosal  lining  of  the 
gastrointestinal  structure  following  insertion  of  the  laparoscope. 
If  large  bowel  is  entered,  feculent  odor  may  be  noted.  However, 
in  some  instances,  the  injury  may  not  immediately  be 
recognized  as  the  cannula  may  not  stay  within,  or  it  may  pass 
through,  the  lumen  and  out  the  other  side  of  the  viscus.  Such 
injuries  usually  occur  when  a  single  loop  of  bowel  is  adhered 
to  the  anterior  abdominal  wall  near  to  the  entry  point. 
Consequently,  it  is  important  at  the  end  of  the  procedure  to 
directly  view  the  removal  of  the  primary  cannula,  either  through 
the  cannula  itself  or  via  an  ancillary  port.  Routine  direct 
visualization  of  primary  port  incisional  closure  will  facilitate  the 
accomplishment  of  this  task.  Unfortunately,  the  injury  may  go 
unrecognized  until  it  presents  postoperatively  as  peritonitis, 
abscess,  enterocutaneous  fistula,  or  death. 

Prevention 

The  following  measures  were  reported  to  reduce  the 
incidence  of  trocar  injuries: 

•  Disposable  laparoscopes  are  usually  sharper.  They  require 
less  force  to  insert  and  thus  there  is  less  chance  of 
compressing  the  trocar  against  the  bowel  or  blood  vessels. 

•  Some  manufacturers  provide  a  plastic  sheath  which 
springs  and  cover  the  sharp  edge  of  the  trocar  after 
insertion.  Safety  shields  will  not  prevent  injury,  however, 
in  case  of  bowel  adhesions. 


524 


Section  6:  Miscellaneous 


•  The  use  of  ultrasound  to  “map”  the  abdominal  wall  for 
safe  entry  area  is  recommended  especially  when 
adhesions  are  present. 

•  The  smaller  5  mm  cannula  is  safer  as  it  requires  less 
pressure  to  insert.  Equipped  with  a  camera  it  allows  safe 
placement  of  the  larger  cannula  under  vision. 

•  Hasson  described  an  open  surgical  approach  to 
placement  of  the  cannula  thus  reducing  the  risk  of 
perforation  by  the  blind  closed  technique. 

•  Before  the  conclusion  of  surgery,  a  thorough  search  for 
bowel  injuries  must  be  performed  as  delay  in  recognition 
of  such  injury  can  be  catastrophic.  Thus  review  of  the 
video  tapes  can  ascertain  if  safety  measures  were  taken 
during  this  critical  part  of  the  procedure. 

Despite  the  widespread  use  of  retractable  trocars  or  safety 
sheaths,  injury  to  bowel  or  other  structures  may  occur.  As 
stated  above,  many  employ,  routinely  or  selectively,  the 
concept  of  “open”  laparoscopy,  where  the  peritoneal  cavity 
is  entered  directly  via  an  infra-or  intraumbilical  incision. 
Despite  the  apparent  virtues  of  this  approach,  bowel  entry 
may  still  occur.  An  alternative  approach,  especially  when 
entering  an  abdomen  with  previous  laparotomy  scars,  is 
the  insertion  of  a  narrow  caliber  cannula  in  the  left  upper 
quadrant  following  decompression  of  the  stomach.  It  is 
unusual  for  a  patient  to  have  had  previous  surgery  in  this 
location.  Following  placement  of  the  cannula,  usually  just 
below  the  costal  margin  in  the  midclavicular  line,  a  narrow 
diameter  laparoscope  may  be  passed,  allowing  a  direct  view 
of  the  abdominal  wall  under  the  umbilicus  or  other  planned 
site  of  insertion.  If  necessary,  the  small  laparoscope  may  be 
used  to  direct  the  dissection  of  intestine  from  under  the 
insertion  site.  This  approach  gains  additional  value  with  the 
introduction  of  a  fiber  laparoscope  small  enough  to  fit 
through  the  lumen  of  an  insufflation  needle. 

Stomach  injuries  most  frequently  occur  when  there  has 
been  difficulty  in  intubation,  and  may  be  more  common 
following  left  upper  quadrant  insertion  if  the  stomach  has 
not  previously  been  decompressed.  Consequently,  liberal 
use  of  oral  or  nasogastric  decompression  will  likely  reduce 
the  incidence  of  trocar  injury  to  the  stomach. 

Most  common  cause  of  bowel  injuries  usually  is  when 
the  intestine  is  adherent  to  the  abdominal  wall  under  the 
site  of  trocar  insertion.  Adherence  is  usually  secondary  to 
previous  surgery.  Consequently,  in  such  patients  open 
laparoscopy  or  left  upper  quadrant  entry  may  be  used. 
Preoperative  mechanical  bowel  preparation  should  be 
employed  in  high-risk  patients  to  facilitate  repair  of  colonic 
defects  without  the  need  to  perform  a  laparotomy. 

Management 

Trocar  injuries  to  small  bowel  require  repair.  If  it  can  be 
ascertained  that  the  injury  is  isolated,  and  if  the  operator  is 


capable,  the  lesion  may  be  sutured  under  laparoscopic 
guidance  with  a  double  layer  of  running  2-0  or  3-0  synthetic 
absorbable  suture.  Extensive  lesions  may  require  resection 
and  reanastomosis.  In  well  trained  and  experienced  hand, 
this  may  be  performed  under  laparoscopic  direction. 
However,  in  most  instances,  laparotomy  will  be  required. 
Regardless  of  the  method  of  repair,  copious  irrigation  should 
be  employed  and  the  patient  admitted  for  postoperative 
observation.  The  patient  is  kept  without  oral  intake  and 
nasogastric  decompression  should  be  liberally  used  at  the 
discretion  of  the  surgeon. 

If  the  injury  is  to  the  sigmoid  colon,  primary  repair  may 
be  attempted  if  the  bowel  has  been  mechanically  prepared 
preoperatively.  Otherwise,  colostomy  should  be  considered, 
with  the  possible  exception  of  ascending  colon  lesions.  If 
uncertainty  exists  regarding  the  extent  of  injury,  laparotomy 
is  always  indicated. 

INJURY  TO  BLADDER 

Laparoscopy  associated  damage  to  the  bladder  or  ureter 
may  occur  secondary  to  mechanical  or  thermal  trauma. 
Vesical  injury  is  often  secondary  to  a  trocar  entering  the 
undrained  bladder,  but  may  also  occur  during  dissection  of 
the  bladder,  either  from  other  adhered  structures  or  from 
the  anterior  aspect  of  the  uterus.  The  proliferation  of 
laparoscopically  directed  retropubic  suspension  for  urinary 
incontinence  will  likely  be  associated  with  bladder  injury. 
Ureteric  injury  is  more  commonly  encountered  secondary 
to  thermal  damage.  However,  more  recently;  there  have 
been  descriptions  of  ureteric  trauma  secondary  to  other 
causes,  such  as  mechanical  dissection  or  the  use  of  linear 
stapling  devices. 

Diagnosis 

If  urinary  bladder  is  injures  intraoperative  identification  of 
the  injury  is  the  most  important  aspect  of  management.  The 
surgeon  may  be  cognizant  of  entering  a  hollow  viscus  or 
may  note  the  presence  of  urine  in  the  operative  field.  If  an 
indwelling  catheter  is  in  place,  hematuria  or  pneumaturia 
(C02  in  the  indwelling  drainage  system)  may  be  noted. 
Existence  of  a  bladder  laceration  may  be  confirmed  with 
the  injection  of  sterile  milk  or  a  dilute  methylene  blue  solution 
via  a  catheter.  Thermal  injury  to  the  bladder  may  not  be 
initially  apparent,  presenting  later  in  the  patient’s 
postoperative  course. 

Unfortunately,  although  intraoperative  recognition  of 
ureteric  injury  has  been  described,  diagnosis  is  usually 
delayed  until  some  time  following  the  procedure.  Ureteric 
lacerations  may  be  proven  intraoperatively  with  the  injection 
of  indigo  carmine.  Thermal  injury  will  present,  24  hours  to 
14  days  following  surgery  with  one  or  a  combination  of 
fever,  abdominal  or  flank  pain,  and  the  clinical  findings  of 
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peritonitis.  A  leukocytosis  may  be  present  and  an  intravenous 
pyelogram  (IVP)  will  demonstrate  extravasation  of  urine  or 
urinoma.  Intraoperative  recognition  of  mechanical 
obstruction,  with  staples  or  a  suture,  will  be  made  only  by 
direct  visualization.  Not  surprisingly,  cases  of  laparoscopy 
associated  ureteric  obstruction  seem  to  present  at  a  time 
similar  to  those  that  follow  laparotomy  based  procedures  a 
few  days  to  a  week  following  the  operation.  These  patients 
present  with  flank  pain  and  may  have  fever.  The  diagnosis 
may  be  suggested  by  abdominal  ultrasound,  but  an  IVP 
can  be  more  precise  at  identifying  the  site  and  completeness 
of  the  obstruction. 

Uretero  or  vesicovaginal  fistula  will  present  in  a  delayed 
fashion  with  incontinence  or  discharge.  Confirmation  of 
bladder  fistula  will  be  by  direct  visualization  and/  or  the 
leakage  of  instilled  methylene  blue  onto  a  tampon. 
Ureterovaginal  fistula  will  not  pass  the  methylene  blue  from 
the  bladder,  but  will  be  demonstrated  with  the  intravenous 
injection  of  indigo  carmine. 

Prevention 

Before  start  of  surgery  patient  should  void  urine.  Trocar- 
related  cystotomies  are  generally  preventable  with  routine 
preoperative  bladder  drainage.  Additional  caution  must  be 
exercised  in  the  patient  previously  exposed  to  abdominal 
or  pelvic  surgery,  where  there  is  a  tendency  for  the  bladder 
to  be  pulled  above  the  level  of  the  symphysis  pubis.  The 
urachus,  although  rarely  present,  should  be  avoided  if 
possible.  It  is  likely  that  the  placement  of  an  indwelling 
catheter,  at  least  for  prolonged  or  difficult  cases,  will  reduce 
the  incidence  of  injury  resulting  from  dissection.  Surgical 
separation  of  the  bladder  from  the  uterus  or  other  adherent 
structures  requires  good  visualization,  appropriate  retraction, 
and  excellent  surgical  technique.  Sharp  mechanical 
dissection  is  preferred,  particularly  when  relatively  dense 
adhesions  are  present. 

If  the  surgeon  cannot,  with  assurance,  steer  a  wide  path 
from  its  course,  the  ureter  must  be  directly  visualized.  This 
is  especially  true  when  laser,  electrosurgical,  or  stapling 
techniques  are  employed.  Frequently,  the  ureter  can  be  seen 
through  the  peritoneum  of  the  pelvic  sidewall  between  the 
pelvic  brim  and  the  attachment  of  the  broad  ligament. 
However,  because  of  patient  variation,  or  the  presence  of 
pathology,  the  location  of  the  ureter  can  become  obscured. 
In  such  instances,  the  ureter  can  usually  be  visualized  through 
the  peritoneum  at  the  pelvic  brim,  although  the  maneuver 
is  slightly  more  difficult  on  the  left  because  of  the  location  of 
the  sigmoid  mesentery.  If  C02  laser  energy  is  to  be 
employed,  fluid  injected  at  an  appropriate  location  between 
the  peritoneal  surface  and  the  ureter  can  provide  a  degree 
of  protection  from  thermal  injury. 


If  entry  into  the  retroperitoneal  space  is  required  for 
exposure,  there  should  be  no  hesitation  to  undertake  such 
dissection.  The  surface  of  the  peritoneum  should  be 
breached  with  scissors  at  the  closest  level  proximal,  and 
anterior,  to  the  most  distal  site  of  planned  dissection  where 
the  location  of  the  ureter  is  known  or  anticipated.  If  the 
ureter  is  seen  through  the  peritoneum,  it  may  be  grasped 
with  a  Babcock  forceps  to  minimize  trauma  while  the 
peritoneum  is  incised.  Careful  sharp  and  blunt  dissection 
then  may  be  applied  to  provide  adequate  exposure  in  the 
operative  field.  If  the  ureter  cannot  be  seen  through  the 
peritoneal  surface,  a  fine,  toothed  forceps  should  be 
employed  to  grasp  and  elevate  the  peritoneum  allowing 
careful  entry  into  the  retroperitoneal  space. 

The  techniques  used  for  retroperitoneal  dissection  are 
also  important  in  reducing  the  risk  of  ureteric  injury.  Blunt 
dissection  can  be  facilitated  with  the  instillation  of  fluid  into 
the  retroperitoneal  space  under  pressure.  Others  have 
advocated  the  selective  preoperative  placement  of  ureteric 
stents  including  those  that  are  illuminated,  to  provide 
additional  safety.  We  prefer  instead  the  use  of  mechanical 
(sharp  or  blunt)  dissection  with  sharp-curved  scissors  and  a 
narrow,  pointed  grasping  forceps  attached  to  an 
electrosurgical  generator.  The  assistant  is  provided  with  a 
narrow,  pointed,  and  toothed  grasping  forceps  as  well  as  a 
suction  irrigation  system  to  use,  as  requested,  through  an 
ancillary  cannula.  Dissection  proceeds,  respecting  the  blood 
supply  of  the  ureter  by  minimizing  direct  manipulation  and 
by  preserving  the  integrity  of  its  sheath.  If  electrical  energy 
is  used,  it  must  be  applied  judiciously,  at  safe  distances  from 
the  ureter  and  its  blood  supply.  The  narrow,  pointed  grasping 
forceps  facilitates  precise  and  safe  desiccation  of  small  caliber 
blood  vessels. 

Treatment 

Most  of  the  injury  of  the  bladder  can  be  managed 
conservatively.  Small  caliber  injuries  to  the  bladder  (1-2  mm) 
may  be  treated  expectantly,  with  prolonged  catheterization 
for  7  to  14  days.  However,  in  such  cases  the  duration  of 
catheterization  can  be  reduced  or  eliminated  if  repair  is 
undertaken  intraoperatively.  When  a  more  significant  injury 
to  the  bladder  is  identified,  it  may  often  be  repaired  under 
laparoscopic  direction,  provided  the  presence  of  adequate 
surgical  skill  and  a  location  that  is  amenable  to  laparoscopic 
technique.  Further  evaluation  of  the  location  and  extent  of  the 
laceration  may  be  provided  by  direct  laparoscopic  examination 
of  the  mucosal  surface  of  the  bladder.  Should  the  laceration 
be  near  to  or  involve  the  trigone,  open  repair  may  be  preferable. 
In  making  this  evaluation,  the  mechanism  of  injury  should  be 
considered,  as  desiccation  resulting  from  electrical  energy  may 
extend  beyond  the  visible  limits  of  the  lesion. 
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A  purse  string  closure  may  be  fashioned  using  any  of  a 
number  of  synthetic  absorbable  sutures  of  2-0  to  3-0  caliber, 
tying  the  knot  either  intra-or  extracorporeally.  For  linear 
lacerations,  the  defect  is  preferably  closed  in  two  layers.  If 
there  is  significant  thermal  injury,  it  may  be  valuable  to  excise 
the  coagulated  segment.  Postoperative  catheterization  with 
either  a  large  caliber  urethral  or  suprapubic  catheter  should 
be  maintained  for  5  to  7  days  for  simple  fundal  lacerations, 
and  for  two  weeks  for  those  closer  to  the  trigone,  the  vaginal 
vault,  or  those  that  may  be  associated  with  significant  thermal 
injury. 

During  minimal  access  surgery  intraoperative  diagnosis 
of  ureteric  injury  provides  the  opportunity  for  intraoperative 
management.  If  damage  is  less  it  may  respond  adequately 
to  the  passage  of  a  ureteric  stent  for  about  10  to  20  days. 
However,  in  most  instances,  repair  is  indicated.  The 
principles  should  follow  those  previously  established  for  open 
cases.  While  laparoscopically  directed  repair  of  ureteric 
lacerations  and  transections  have  been  described  ,  such 
maneuvers  should  be  practiced  only  by  those  with 
exceptional  surgical  skill  and  experience.  Even  in  these  cases 
it  is  advisable  to  consult  intraoperatively  with  a  specialist  in 
urology. 

When  the  diagnosis  of  ureteral  injury  is  delayed  until 
following  surgery,  the  imperative  is  to  establish  drainage. 
Some  obstructions  or  lacerations,  if  incomplete  or  small, 
may  be  successfully  treated  with  either  the  retrograde  or 
anterograde  passage  of  a  ureteral  stent.  Urinomas  may  be 
drained  percutaneously.  If  a  stent  cannot  be  successfully 
manipulated  across  the  lesion,  a  percutaneous  nephrostomy 
should  be  created  and  plans  should  be  made  for  operative 
repair. 

NEUROLOGIC  INJURY 

The  incidence  of  nerve  injury  associated  with  laparoscopy 
is  more  common  in  obese  patient,  but  has  been  estimated 
at  0.5  per  1000  cases.  Peripheral  neurologic  injury  is  usually 
related  either  to  inappropriate  positioning  of  the  patient  or 
occurs  secondary  to  pressure  exerted  by  the  surgeon  or 
assistants.  During  laparoscopy,  nerve  injury  may  happen 
rarely  as  a  result  of  the  surgical  dissection. 

In  the  lower  extremity,  the  trauma  may  be  direct,  such 
as  compression  of  the  perineal  nerve  against  stirrups. 
Alternatively,  the  femoral  nerve  or  the  sciatic  nerve  or  its 
branches  may  be  overstretched  and  damaged  by 
inappropriate  positioning  of  the  hip  or  the  knee  joint. 

Brachial  plexus  injuries  may  occur  secondary  to  the 
surgeon  or  assistants  leaning  against  the  abducted  arm 
during  the  procedure.  Alternatively,  if  the  patient  is  placed 
in  steep  Trendelenburg’s  position,  the  brachial  plexus  may 
be  damaged  because  of  the  pressure  exerted  on  the  shoulder 
joint. 


Diagnosis 

If  nerve  is  damaged  in  most  instances,  the  patient  is  found 
to  have  sensory  and/  or  motor  deficit  as  they  emerge  from 
the  effects  of  the  anesthesia.  The  diagnosis  can  usually  be 
suspected  by  clinical  examination.  Injuries  to  the  perineal 
nerve  will  be  reflected  by  loss  of  sensation  in  the  lateral  aspect 
of  the  leg  and  foot  together  with  a  foot  drop.  Brachial  plexus 
injuries  may  be  variable,  but  usually  involve  damage  to  the 
C-5,  6  roots  manifesting  in  loss  of  flexion  of  the  elbow  and 
adduction  of  the  shoulder.  Electromyography  can  be  used 
to  further  define  the  extent  and  location  of  the  lesion  by 
testing  nerve  conduction  and  recording  the  electrical 
potential  for  various  muscles.  This  evaluation  should  be 
delayed  for  three  weeks  to  allow  for  complete  degeneration 
of  injured  nerves. 

Prevention 

During  laparoscopic  procedure  if  nerve  injury  has  to  be 
prevented  then  surgeon  should  must  achieve  a  good 
ergonomics  of  patient.  The  incidence  of  brachial  plexus 
injury  can  be  reduced  by  placing  the  arms  in  an  adducted 
position,  which  also  facilitates  the  performance  of  pelvic 
surgery  by  allowing  the  surgeon  to  stand  in  a  more 
comfortable  position.  Should  it  be  necessary  to  leave  the 
arm  in  an  abducted  position,  adequate  padding  and  support 
of  the  arms  and  shoulders  are  necessary  and  can  be 
facilitated  with  the  use  of  shoulder  supports,  preventing  the 
slippage  of  the  patient  up  the  table  when  placed  in 
Trendelenburg’s  position.  Furthermore,  in  such  a  position, 
the  surgeon  may  not  lean  on  the  patient’s  arm. 

Sciatic  and  perineal  nerve  injury  is  minimized  with  the 
use  of  appropriate  stirrups  and  careful  positioning  protocols. 
Those  stirrups  that  combine  both  knee  and  foot  support  are 
probably  best.  Additional  measures  include  simultaneous 
raising  and  lowering  of  the  legs,  flexion  of  the  knees  before 
flexion  of  the  hips,  and  limitation  of  external  rotation  of  the 
hip.  Assistants  should  be  admonished  to  avoid  placing  undue 
pressure  on  the  inner  thighs. 

Injury  to  the  obturator  and  genitofemoral  nerves  is 
uncommon  but  will  likely  increase  as  greater  numbers  of 
retroperitoneal  dissections  are  performed.  In  such  cases,  it 
will  be  important  to  clearly  understand  the  anatomy, 
maintain  hemostasis,  and  to  exert  the  utmost  care  in 
performing  the  dissections,  carefully  identifying  the  neural 
structures  as  they  are  encountered. 

Management 

Most  injuries  to  peripheral  nerves  recover  spontaneously.  The 
time  to  recovery  depends  upon  the  site  and  severity  of  the 
lesion.  For  most  peripheral  injuries,  full  sensorineural  recovery 
occurs  in  three  to  six  months.  Recovery  may  be  facilitated 
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with  physical  therapy,  appropriate  braces,  and  electrical 
stimulation  of  the  affected  muscles.  Transection  of  major 
intrapelvic  nerves  will  require  open  microsurgical  repair. 

DISSECTION  AND  THERMAL  INJURY 

Recognition 

Diagnosis  of  injury  to  the  bowel  incurred  during  the  course 
of  dissection  may  be  more  straightforward.  Any  length  of 
dissected  bowel  should  be  carefully  examined  prior  to 
proceeding  further  with  the  procedure.  This  is,  if  anything, 
more  important  during  laparoscopic  operations  in 
comparison  to  those  performed  via  laparotomy,  for 
comprehensive  “running”  of  the  bowel  near  the  end  of  the 
case  is  far  more  difficult  under  endoscopic  guidance. 

There  has  been  confusion  in  the  past  regarding  the 
frequency  of  thermal  injury  to  bowel  following  the  use  of 
electrical  energy.  Formerly,  many  injuries  actually  caused 
by  mechanical  trauma  were  erroneously  attributed  to 
electrosurgical  accidents. 

Thermal  injury  to  bowel  may  be  more  difficult  to 
diagnose  intraoperatively,  particularly  if  created  with 
electrical  or  laser  energy,  a  feature  that  makes  careful 
adherence  to  safety  protocols  a  surgeon’s  imperative.  Even 
if  thermal  injury  is  recognized,  it  is  difficult  to  estimate  the 
extent  of  the  damage  by  visual  inspection,  as  the  zone  of 
desiccation  may  exceed  the  area  of  visual  damage.  An 
understanding  of  the  differing  impacts  of  the  various  types 
of  electrical  current  is  essential  for  estimation  of  the  extent 
of  injury.  In  some  instances,  diagnosis  is  delayed  until  the 
development  of  peritonitis  and  fever,  usually  a  few  days 
later,  but  occasionally  not  for  several  weeks. 

Prevention 

Total  prevention  of  dissection  or  thermal  injury  is  impossible, 
but  the  incidence  of  penetrating  or  energy  based  enteric 
complications  may  be  reduced  with  patience,  prudence,  and 
meticulous  technique.  A  sound  understanding  of  the 
principles  of  electrosurgery  is  critical  to  reducing  the 
incidence  of  electrical  trauma. 

When  dissecting,  exposure  of  the  operative  field  must 
be  accomplished  with  a  combination  of  good  visualization 
and  adequate  traction  and,  if  necessary,  countertraction 
applied  by  forceps.  In  many  instances,  it  will  be  necessary 
to  enlist  the  aid  of  a  competent  assistant.  Dissection  close  to 
bowel  should  be  performed  mechanically,  using  sharp 
scissors,  not  with  electrical  or  laser  energy  sources.  Occlusion 
of  blood  vessels  near  to  bowel  is  preferably  accomplished 
with  clips,  but  may  be  performed  with  bipolar  current 
provided  that  there  is  an  adequate  margin  of  tissue,  a 
circumstance  that  usually  requires  skeletonization  of  the 
vessel. 


There  is  no  certainty  about  the  proper  distance  to 
maintain  between  the  electrode  and  the  bowel  serosa. 
Animal  histological  studies,  using  the  rather  large  caliber 
Kleppinger  forceps,  have  demonstrated  that  desiccation 
injury  begins  to  affect  bowel  serosa  and  muscularis  between 
5  and  10  mm  away.  It  is  likely  that  the  zone  of  safety  is  less 
for  instruments  that  compress  tissue  well  or  that  use 
electrodes  with  a  smaller  surface  area.  Regardless,  if  the 
difficulty  of  the  dissection  makes  the  surgeon  uncomfortable, 
alternative  methods  for  hemostasis  should  be  used.  If  this  is 
not  feasible,  the  aid  of  more  experienced  colleagues  should 
be  sought  the  procedure  abandoned,  or  converted  into  an 
open  case. 

Management 

The  treatment  of  mechanical  bowel  trauma  recognized 
during  the  dissection  follows  the  principles  described  above 
for  trocar  injury.  If  the  diagnosis  is  delayed  until  the 
postoperative  recognition  of  peritonitis,  surgical  consultation 
should  be  obtained  and  laparotomy  arranged. 

Thermal  injury  may  be  handled  expectantly,  if  the  lesion 
is  superficial  and  confined.  It  is  possible  to  estimate  the 
degree  of  tissue  injury  if  the  nature  of  the  current  and  other 
parameters  is  known,  such  as  the  wattage,  current  density, 
and  duration  of  contact  with  tissue.  For  example,  fulguration 
current,  arcing  to  bowel,  is  unlikely  to  cause  thermal  injury 
more  than  1  mm  deep,  even  with  rather  prolonged  exposure. 
On  the  other  hand,  the  high  power  density  provided  by  a 
sharp  electrode  will  quickly  cause  penetrating  injury  of  the 
bowel.  Such  lesions  will  have  relatively  little  collateral  thermal 
injury  and  may  be  repaired  as  if  they  were  created  by 
mechanical  means.  This  is  a  circumstance  vastly  different 
from  that  occurring  when  there  is  direct,  and  even  relatively 
short,  duration  of  contact  (seconds)  with  a  low  power  density 
electrode.  The  significant  thermal  injury  that  results  will  often 
mandate  wide  excision  of  the  lesion  or  local  resection  of  the 
injured  segment  of  bowel. 

INCISIONAL  HERNIA 

It  is  not  that  the  incidence  of  laparoscopic  incisional  hernia 
is  unknown,  it  is  clear  that  the  complication  has  been 
underreported.  Recent  reports  of  incisional  hernia  after 
laparoscopy  have  stressed  the  relationship  of  this 
complication  with  the  use  of  ports  10  mm  in  diameter  or 
larger.  In  our  opinion,  this  can  probably  be  attributed  to 
increased  operating  times  which  result  in  excessive 
manipulation  of  the  port  site,  thereby  widening  the  fascial 
and  peritoneal  defects. 

While  no  incision  is  immune  to  the  risk  of  herniation, 
those  defects  that  are  10  mm  or  more  in  diameter  are 
particularly  vulnerable.  The  increasing  number  and  size  of 
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the  incisions,  ID  combination  with  the  surgeon’s  variable 
propensity  to  close  them,  will  likely  further  contribute  to  the 
increasing  incidence.  Another  important  contributing  factor 
may  be  the  use  of  cannula  anchoring  devices  that  effectively 
increase  the  diameter  of  the  incision  by  2  to  3  mm. 

Diagnosis 

After  laparoscopy  the  most  common  hernia  appears  to  occur 
in  the  immediate  postoperative  period  where  bowel  or 
omentum  passes  through  the  unopposed  or  inadequately 
repaired  defect.  The  patient  may  be  symptomatic  or  can 
present  with  any  or  a  combination  of  pain,  fever, 
periumbilical  mass,  obvious  evisceration,  and  the  symptoms 
and  signs  of  mechanical  bowel  obstruction,  often  within 
hours  and  usually  within  the  first  postoperative  week. 
Consequently,  the  surgeon  should  take  care  not  to  casually 
disregard  the  patients  who  talk  about  symptoms  consistent 
with  herniation. 

Because  Richter’s  hernias  contain  only  a  portion  of  the 
circumference  of  the  bowel  wall  in  the  defect,  the  diagnosis 
is  often  delayed.  It  is  likely  that  such  lesions  most  commonly 
occur  in  incisions  that  are  made  away  from  the  midline. 
The  initial  presenting  symptom  is  usually  pain,  since  the 
incomplete  obstruction  and  still  allows  the  passage  of 
intestinal  content.  Fever  can  present  if  incarceration  occurs, 
and  peritonitis  may  result  from  the  subsequent  perforation. 
The  diagnosis  is  difficult  to  make  and  requires  a  high  index 
of  suspicion.  Ultrasound  or  CT  scanning  may  be  useful  in 
confirming  the  diagnosis. 

While  many  defects  likely  remain  asymptomatic,  late 
presentation  may  occur  if  bowel  or  omentum  becomes 
trapped.  The  symptoms  and  findings  are  similar  to  that 
described  for  earlier  presentations. 

Prevention 

The  underlying  fascia  and  peritoneum  should  be  closed  not 
only  when  using  trocars  of  10  mm  and  larger  as  previously 
suggested  but  also  when  extensive  manipulation  is 
performed  thorough  a  5  mm  trocar  port,  causing  extension 
of  the  incision. 

There  are  a  number  of  unproven  but  seemingly  logical 
pre-emptive  strategies.  First,  it  is  desirable  to  use  the  smallest 
possible  cannula  whenever  possible  recognizing  that  hernia 
has  even  been  reported  in  conjunction  with  the  use  of  5 
mm  trocars.  Second,  the  “Z-track”  insertion  method, 
particularly  applied,  in  the  umbilicus,  may  be  of  value.  This 
approach  offsets  the  skin  and  fascial  incisions  by  entering 
the  subcutaneous  tissue,  then  sliding  the  conically-tipped 
trocar  along  the  fascia  for  a  short  distance  prior  to  penetrating 
it.  Such  a  track  is  purported  to  close  like  a  curtain,  reducing 
the  incidence  of  hernia.  Third,  all  ancillary  cannula  should 


be  removed  under  direct  vision  to  ensure  that  bowel  is  not 
drawn  into  the  incision.  Insertion  of  an  obturator  (or  a 
laparoscope)  into  the  cannula  may  further  prevent  suction 
from  drawing  bowel  or  omentum  into  the  incision.  Fourth, 
at  least  those  incisions  10  mm  or  greater  in  diameter  should 
undergo  fascial  closure  under  direct  laparoscopic  vision, 
thereby  preventing  incorporation  of  bowel.  This  may  be 
accomplished  by  using  a  small  caliber  diameter  laparoscope 
through  one  of  the  narrow  cannula  to  direct  incisional 
closure.  A  narrow  diameter,  three-quarter  round,  needle 
(Ethicon  UR-6)  facilitates  such  a  closure,  as  does  the  use  of 
one  of  the  newer  devices.  Finally,  the  laparoscope  cannula 
should  be  removed  with  the  laparoscope  in  position, 
preventing  accidental  incorporation  of  bowel. 

If  the  final  incision  is  of  sufficiently  large  diameter  to 
require  closure,  blind  insertion  of  needles  may  be  avoided 
by  prepositioning  sutures.  They  are  placed  when  the 
laparoscope  is  in  another  location  and  tied  following  removal 
of  the  final  cannula.  The  sutures  should  be  used  to  elevate 
the  abdominal  wall  as  the  laparoscope  and  cannula  are 
simultaneously  removed,  looking  down  the  endoscope  to 
ensure  that  bowel  or  omentum  are  not  inadvertently  drawn 
into  the  wound. 

Management 

Management  of  postoperative  development  of  incisional 
hernia  after  laparoscopy  is  same  as  that  of  open  surgery. 
Management  of  laparoscopic  incisional  defects  depends 
upon  the  timing  of  the  presentation  and  the  presence  or 
absence  of  entrapped  bowel  and  its  condition.  Evisceration 
will  always  require  surgical  intervention.  If  the  diagnosis  is 
made  in  the  recovery  room,  the  patient  may  be  returned  to 
the  operating  room,  the  bowel  or  omentum  replaced  in  the 
peritoneal  cavity  (provided  there  is  no  evidence  of  necrosis 
or  suture  incorporation),  and  the  incision  repaired,  usually 
under  laparoscopic  guidance.  However,  if  the  diagnosis  is 
delayed  it  is  likely  that  the  bowel  is  incarcerated  and  at  risk 
for  perforation.  In  such  circumstances,  resection  will  likely 
be  necessary,  usually  via  laparotomy.  Most  gynecologic 
surgeons  should  request  general  surgical  consultation. 

INFECTION 

Wound  infection  following  laparoscopy  is  less  but  not  rare. 
Even  a  case  of  postoperative  wound  infection  due  to 
Mycobacterium  chelonae  also  been  reported.  A  35-year- 
old  woman  presented  with  multiple  erythematous  nodules, 
plaques  and  discharging  sinuses  over  the  abdomen,  45  days 
after  she  had  undergone  laparoscopic  ovarian  cystectomy. 
The  seropurulent  discharge  from  the  wound  showed  acid- 
fast  bacilli  on  Ziehl-Neelsen  stain  and  culture  yielded 
Mycobacterium  chelonae.  The  patient  responded  to 
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clarithromycin  and  doxy cy dine.  The  source  of  infection  was 
probably  contaminated  water  or  disinfectant  solution  used 
for  sterilization  of  laparoscopic  instruments.  In  the  urologic 
and  general  surgical  wound  infection  rates  seem  to  range 
from  5  to  6  per  1000  cases.  While  the  vast  majority  of  wound 
infections  are  handled  successfully  with  expectant 
management,  drainage,  or  antibiotics,  severe  necrotizing 
fascitis  has  been  reported. 

Many  other  types  of  postlaparoscopy  infection  have  been 
reported  including  bladder  infection,  pelvic  cellulitis,  and 
pelvic  abscess.  While  bacteremia  has  been  described,  there 
have  been  no  reports  of  disseminated  infection  following 
laparoscopic  surgery. 

This  is  true  that  the  risk  of  infection  associated  with 
laparoscopy  is  low;  much  lower  than  that  associated  with 
open  abdominal  or  vaginal  surgery.  Nevertheless,  until 
clinical  studies  dictate  otherwise,  it  is  prudent  to  continue  to 
practice  strict  sterile  technique  and  to  offer  appropriate 
prophylactic  antibiotics  to  selected  patients.  These  could 
include  those  with  enhanced  risk  for  bacterial  endocarditis, 
as  well  as  those  who  are  to  undergo  procedures  (e.g. 
laparoscopic  hysterectomy),  suspected  of  increasing,  the 
chance  of  wound  or  vault  infection.  Patients  should  be 
instructed  to  routinely  take  their  temperature  following 
discharge  and  to  immediately  report  fever  of  38  °C  or  more. 
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Chapter 


Role  of  Training  in 
Minimal  Access  Surgery 


INTRODUCTION 

The  popularity  of  laparoscopic  techniques  has  led  to  a  new 
domain  in  surgical  training,  with  a  move  away  from  the 
apprenticeship  model,  toward  structured  programs  of  teaching 
new  skills  outside  the  operating  room.  Hands-on  courses 
enables  young  surgeons  to  practice  techniques  on  synthetic, 
porcine  or  more  recently  virtual-reality  models,  are  now 
common  place.  The  aim  has  been  to  ensure  trainees  are 
armed  with  basic  laparoscopic  skills,  such  as  hand-eye 
coordination  and  depth  perception  prior  to  entering  the 
operating  room  (Fig.  46.1).  The  success  of  these  initial  courses 
led  to  the  development  of  similar  courses  for  the  advanced 
laparoscopic  skills  required  for  gastric  and  colonic  surgery. 

Compared  to  aviation,  where  virtual  reality  (VR)  training 
has  been  standardized  and  simulators  have  proven  their 
definite  benefit  in  increasing  skill,  the  objectives,  needs,  and 


Fig.  46.1 :  Demonstration  of  different  types  of 
knot  to  keep  them  in  memory 


means  of  VR  training  in  minimal  access  surgery  (MIS)  is 
established  (Fig.  46.2). 

Rasmussen  distinguishes  three  levels  of  human  behavior: 

1.  Skill-based  level 

2.  Rule-based  level 

3.  Knowledge-based  behavior 

Skill-based  Behavior 

This  represents  surgeon’s  behavior  that  takes  place  without 
conscious  control.  Task  execution  is  highly  automated  at 
this  level  of  behavior  and  is  based  on  fast  selection  of  motor 
programs  which  control  the  appropriate  muscles.  The  motor 
programs  are  based  on  an  accurate  internal  representation 
of  the  task,  the  system  dynamics,  and  the  environment  at 
hand  (e.g.  learned  by  training  and  experience).  An  example 
of  an  everyday  skill  is  walking.  Many  tasks  in  surgery  can  be 


Fig.  46.2:  Different  types  of  simple  pelvitrainers 
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considered  as  a  sequence  of  skilled  acts.  For  example,  an 
experienced  surgeon  performs  a  suture  task  smoothly, 
without  conscious  control  over  his  or  her  movements. 

In  MIS,  suturing  can  also  be  considered  as  skill-based 
behavior.  However,  because  of  the  indirect  access  to  the  tissue, 
it  is  a  much  more  complicated  skill  because  of  reduced  depth 
perception  and  difficult  hand-eye  coordination  (Fig.  46.3). 

Rule-based  Behavior 

At  the  next  level  of  human  behavior,  rule-based  behavior  is 
applied.  During  rule-based  behavior  task  execution  is 
controlled  by  stored  rules  or  procedures.  These  may  have 
been  derived  empirically  from  previous  occasions  or 
communicated  from  other  persons’  expertise  as  instructions 
or  as  a  cookbook  recipe.  Appropriate  rules  are  selected 
according  to  their  “success”  in  previous  experiences.  For 
example,  procedural  steps  and  the  recognition  of  anatomy 
and  pathology  in  MIS  require  rule-based  behavior.  At  the 
rule-based  level,  the  information  is  typically  perceived  as 
discrete  signs.  A  sign  serves  to  activate  or  to  trigger  a  stored 
rule.  Stopping  your  car  in  front  of  a  red  light  is  a  good 
example  of  a  sign  (red  light)  that  triggers  a  stored  rule  (stop 
car).  In  laparoscopic  cholecystectomy,  having  fully 
established  the  critical  view  of  safety  is  the  sign  that  triggers 
the  rule  that  the  appropriate  structures  may  be  clipped  next. 

Knowledge-based  Behavior 

In  unfamiliar  situations,  faced  with  a  task  for  which  no  rules 
are  available  from  previous  encounters,  human  behavior  is 
knowledge-based.  During  knowledge-based  behavior  the  goal 
is  explicitly  formulated,  based  on  an  analysis  of  the  overall 


aim.  Different  plans  are  developed,  and  their  effects  mentally 
tested  against  the  goal.  Finally  a  plan  is  selected.  Serious 
complications  that  occasionally  occur  during  surgery  demand 
a  great  deal  of  knowledge-based  behavior  from  the  surgeon. 
He  or  she  has  to  analyze  the  complication  and  the  aim  of  the 
surgical  procedure  in  order  to  develop  strategies  to  counter 
the  complication.  Then  he  or  she  has  to  select  the  best  strategy 
and  consequently  take  the  appropriate  actions. 

At  the  knowledge-based  level,  information  is  perceived 
as  symbols.  Symbols  refer  to  chunks  of  conceptual 
information,  which  are  the  basis  for  reasoning  and  planning. 
Pathological  symptoms  are  a  good  example  of  symbols  in 
medical  practice. 

Training  in  laparoscopic  surgery  is  beginning  to  evolve 
into  a  stepwise,  curricular  approach  that  is  not  organ  or 
procedure-specific.  Instead,  it  is  necessary  to  learn 
manipulative  skills,  which  are  then  combined  to  achieve 
proficiency  in  tasks  such  as  laparoscopic  suturing  or  division 
of  a  vessel.  The  constituent  parts  can  then  be  combined 
with  anatomical  knowledge  to  enable  completion  of  a 
specific  procedure.  Basic  psychomotor  skills  can  be  learnt 
with  a  simple,  cheap  version  of  a  video-box  trainer.  Higher 
level  skills  such  as  dissection  and  use  of  high-energy 
instruments  will  necessitate  the  use  of  more  realistic  tissues, 
which  can  be  achieved  on  porcine  or  human  cadaveric 
models.  Recent  advances  in  virtual  reality  simulation  are 
also  beginning  to  produce  realistic  simulations  of  complete 
procedures,  for  example,  laparoscopic  cholecystectomy. 

It  would  be  rational  to  assume  that  a  high-fidelity 
simulation  model,  such  as  anesthetized  animal  tissue,  would 
be  superior  in  terms  of  training  outcome  to  a  synthetic  plastic 
model  (Fig.  46.4). 


Fig.  46.3:  Pelvitrainer  exercises  to  improve  skill 


Fig.  46.4:  The  simple  pelvitrainer  can  be  used  for 
improving  suturing  skill 
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In  fact,  a  study  comparing  two  groups  learning  to  perform 
microanastomotic  repair  of  a  transected  spermatic  cord  on 
either  the  animal  or  synthetic  model  found  no  difference  in 
eventual  outcome  of  the  two  groups.  The  synthetic  model 
is  obviously  cheaper  and  does  not  require  specialized  storage 
facilities.  It  can  be  assumed  that  as  the  subjects  were  using 
real  sutures  and  instruments,  the  nature  of  the  task  was  learnt 
regardless  of  the  fidelity  of  the  simulated  tissue. 

TRAINING— OBJECTIVES,  NEEDS,  AND  MEANS 

To  enable  the  design  and  evaluation  of  an  effective  and 
efficient  training  method  it  is  of  utmost  importance  to 
determine  the  training  objectives,  needs,  and  means,  since 
they  provide  an  answer  to  the  questions: 

1.  What  is  the  end  goal  of  the  training? 

2.  What  should  be  trained? 

3.  How  can  we  train  it? 

The  objectives  represent  the  level  of  competence  that  is 
expected  of  the  trainee  after  he  or  she  has  completed  the 
training.  Training  needs  are  the  difference  between  the  initial 
level  of  competence  of  the  trainees  and  the  required  level  of 
competence  after  successful  completion  of  the  training  defined 
in  the  objectives.  Ultimately,  demands  for  effectivity  and 
efficiency  on  the  one  hand,  and  the  state-of-the-art  in 
technology  on  the  other  hand,  determine  the  tools  and 
methods  for  training,  i.e.  the  training  means.  Effective  training 
ensures  that  all  training  objectives  are  met.  Efficient  training 
ensures  that  the  training  means  are  cost  effective  and  that  the 
required  training  time  is  minimized.  Since  safety  and  patient 
outcome  are  the  most  important  criteria  in  surgery,  training 
effectivity  should  be  of  primary  importance  (Fig.  46.5). 

The  complexity  and  the  costs  of  the  training  means  are 
largely  determined  by  the  training  objectives  that  have  been 
set.  Fulfilling  all  training  needs  of  laparoscopic  residents  with 
only  one  training  method  will  require  a  highly  complex  and 
probably  very  expensive  trainer  in  which  all  three  levels  of 
behavior  can  be  trained.  Such  a  trainer  is  not  yet  available. 
The  complexity  and  the  cost  of  a  training  means  are  relatively 
low  if  the  training  objectives  comprise  skill-based  behavior 
only,  since  this  can  be  trained  with  simple  models  such  as 
pelvitrainers  (Fig.  46.6).  Evidently,  the  cost  and  complexity 
of  a  training  means  increase  when  the  training  objectives 
advance  from  the  training  of  skill-based  behavior  to  the 
training  of  knowledge-based  behavior.  Fortunately,  the 
overall  effectivity  of  training  increases  as  well  when  higher 
levels  of  behavior,  such  as  knowledge-based  behavior,  are 
incorporated  in  the  training  objectives. 

PRESENT  TRAINING  IN  LAPAROSCOPY 

A  closer  look  at  the  training  program  of  laparoscopic  residents 
provides  an  indication  of  the  training  needs  that  are  addressed 


and  the  training  means  that  are  available  today.  Much  as  in 
conventional  surgery,  the  laparoscopic  surgeon  must 
effectively  combine  the  three  levels  of  behavior.  Instrument 
handling  and  dissection  techniques  require  skill-based 
behavior,  whereas  the  recognition  of  surgical  anatomy 
requires  a  great  deal  of  rule-based  behavior.  Complications 
such  as  uncontrollable  bleeding  or  unsuspected  situations  such 
as  the  encountering  of  aberrant  anatomy  require  problem 
solving  on  a  knowledge-based  level. 


Fig.  46.5:  The  programming  of  virtual  reality  simulator  will 
increase  rule  base  level 


Fig.  46.6:  Prototype  virtual  reality  pelvitrainers 
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Obviously,  training  of  skill-based  behavior  in 
laparoscopic  surgery  is  highly  desired  as  laparoscopy 
combines  unusual  hand-eye  coordination  with  the  use  of 
complex  instruments.  Surgical  residents  are  usually  trained 
in  laparoscopic  surgery  during  a  2  days  introduction  course. 
Basic  skill-based  behavior  such  as  instrument  tissue  handling 
and  minimally  invasive  suturing  are  trained.  Additionally, 
rule-based  behavior  is  trained  through  lectures,  textbooks, 
and  video  instructions.  After  the  resident  has  successfully 
completed  this  course,  he  or  she  will  receive  training  in  the 
operating  room.  It  is  only  in  operating  room  that  most 
knowledge-based  behavior  necessary  to  deal  with 
complications  and  emergencies  is  acquired.  Currently,  a 
living  animal  model  provides  the  only  way  to  effectively 
train  rule-  and  knowledge-based  behavior  outside  the 
operating  room.  Training  on  living  animal  models  is  very 
useful  in  the  training  curriculum  of  resident  surgeons. 
However,  at  the  same  time  the  use  of  laboratory  animals 
for  training  is  discouraged  by  many  government  policies. 
Technological  innovations,  such  as  virtual  reality  simulation, 
will  change  the  way  laparoscopic  surgery  is  trained.  Current 
accomplishments  in  surgical  simulation  envision  the  dawning 
of  the  next-generation  surgical  education.  In  this  respect, 
aviation  industry  provides  excellent  examples  of  the 
effectiveness  and  efficiency  of  virtual  reality  simulators  as  a 
means  of  training. 

Simulator  training  in  aviation  in  contrast  to  surgery,  the 
training  needs  in  aviation  has  explicitly  been  defined  by 
regulatory  authorities  like  Federal  Aviation  Administration 
(FAA)  and  the  training  means  are  certified  accordingly.  The 
training  objectives,  needs,  and  means  in  pilot  training  have 
been  investigated  in  depth,  and  models  of  pilot  behavior 
have  been  developed  as  a  tool  to  design,  to  evaluate,  and 
to  optimize  training  methods.  Half  a  century  of  extensive 
research  has  resulted  in  many  training  tools,  from  basic  flight 
training  devices  to  the  high-tech  full  flight  simulator  (FFS) 
(Figs  46.7  and  46.8). 

After  the  introduction  of  VR  training  methods  in  the 
1990s,  the  training  of  surgeons  has  often  been  compared  to 
the  training  of  pilots.  The  training  of  laparoscopic  residents 
can  best  be  compared  to  type  conversion  training  of  pilots. 
During  type  conversion  training,  young  pilots  who  have 
finished  flight  training  at  the  academies  and  have  recently 
joined  an  airline  are  trained  to  fly  a  particular  type  of  aircraft. 
The  general  objective  of  type  conversion  training  is  to  teach 
the  trainee  how  to  safely  control,  navigate,  and  manage  a 
particular  operational  aircraft.  Since  the  trainees  have 
already  acquired  much  of  the  skill-based  behavior  required 
to  fly  a  multiengine  aircraft,  the  training  needs  mainly  consist 
of  acquiring  additional  rule-  and  knowledge-based  behavior. 
The  trainees  have  to  learn  the  new  checklists  and  the  specific 
procedures  during  takeoff  and  landing,  and  they  have  to 


Fig.  46.7:  Different  types  of  virtual  reality 
systems  for  endoscopy 


Fig.  46.8:  HALS  training  box 


become  familiar  with  all  the  aircraft  systems  like  electronics, 
hydraulics.  Furthermore,  they  have  to  train  all  sorts  of 
emergency  scenarios  that  may  occur  during  actual  flight. 
Training  of  this  knowledge-based  behavior  is  very  important 
since  it  significantly  improves  flight  safety.  This  training 
provides  an  excellent  training  tool  to  accomplish  all  the 
specified  training  needs.  The  high  level  of  realism  during 
training  of  a  pilot  have  even  made  zero  flight  time  training 
possible,  during  which  type  conversion  training  takes  place 
completely  outside  a  real  aircraft. 

For  the  sake  of  proper  training  and  for  the  safety  of  our 
patients,  the  objectives,  needs,  and  means  in  laparoscopy 
training  should  be  defined.  Along  this  guideline,  VR 
simulators  should  be  developed.  An  explicit  formulation  of 
the  training  objectives  facilitates  the  development  and 
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certification  of  a  simulator  since  it  determines  what  the 
simulator  should  be  capable  of.  For  example,  pilots  spend 
many  hours  training  on  low-cost  simulator  (Fig.  46.9). 

The  laparoscopy  simulators  that  have  been  developed 
during  the  past  decade  can  all  be  considered  as  laparoscopy 
training  devices.  Most  of  these  simulators  specifically  aim  at 
training  skill-based  behavior,  such  as  endoscopic 
manipulation  and  endoscopic  camera  navigation.  However, 
performing  safe  laparoscopy  also  requires  a  professional  level 
of  rule-  and  knowledge-based  behavior  from  the  surgeon. 
Ideally  these  should  also  be  trained  outside  the  operation 
theatre.  Currently,  the  training  of  rule-  and  knowledge-based 
behavior  outside  the  operation  theatre  is  only  possible  on 
living  animal  models.  However,  technological  innovations 
like  increasing  computing  power,  detailed  anatomical 
models,  soft  tissue  modeling,  force  feedback  will  enable  the 
integration  of  all  levels  of  behavior  in  a  VR  training  simulator 
for  laparoscopy.  In  the  future,  this  might  result  in  a  full-scale 
laparoscopy  simulator  (FLS),  comparable  to  the  FFS  in  pilot 
training.  Perhaps  a  FLS  even  introduces  zero  operating  time 
training  as  the  ultimate  objective. 

The  medical  society  should  establish  detailed  objectives 
of  training.  Recently,  experts  have  begun  to  investigate  what 
level  of  professional  behavior  is  required  to  perform  safe 
laparoscopy.  In  addition,  they  are  establishing  the  training 
needs  of  laparoscopic  residents  by  determining  what  should 
be  trained  to  accomplish  the  training  objective.  The  question 
of  which  aspects  of  skill,  rule,  and  knowledge-based  behavior 
should  be  trained  is  addressed.  Currently,  there  is  no  such 
standard  available.  Once  the  training  objectives  have  been 
standardized  and  the  training  needs  at  the  different  levels  of 
behavior  have  been  identified,  the  simulator  society  will  have 
clear  guidelines  as  to  what  their  training  devices  should  be 
capable  of. 

One  of  the  most  obvious  training  needs  of  laparoscopic 
residents  is  the  training  of  manual  skills.  The  manual  skills 
required  during  laparoscopy  are  rather  different  from  those 
in  conventional  surgery.  Training  of  skill-based  behavior  is 
feasible  with  basic  trainers  such  as  a  pelvitrainer.  The  VR 
basic  skill  trainers  that  are  commercially  available  usually 
simulate  a  generic  abdomen  and  endoscopic  instruments 
on  a  computer  monitor.  Basic  tasks,  such  as  pick  and  place 
tasks,  are  implemented  to  train  endoscopic  manipulation. 
The  training  of  skill-based  behavior  does  not  require  a  highly 
realistic  anatomical  environment,  e.g.  the  organs  do  not 
necessarily  have  to  be  simulated  realistically.  For  example, 
the  virtual  reality  trainer  simulates  basic  manipulation  tasks 
in  a  highly  simplified  environment  similar  to  the  pelvitrainer 
box.  Several  studies  have  reported  that  training  on  the  virtual 
reality  facilitated  the  learning  of  skill-based  behavior 
(Fig.  46.10). 


Fig.  46.9:  Virtual  reality  trainer  with  programmable  circuit 


Fig.  46.10:  Virtual  reality  trainer  with  software  control 


An  advantage  of  virtual  reality  simulators  over  simple. 
Pelvitrainers  is  the  capability  to  easily  extend  the  training  to 
the  rule-based  level  of  behavior,  since  textbook  theory, 
instructions,  and  training  videos  can  easily  be  integrated  in 
the  simulator  software.  Much  textbook  material  and  many 
training  videos  that  provide  rule-based  behavior  training 
have  been  made  available  on  the  internet.  Laparoscopy 
simulators  are  capable  of  training  skill  and  rule-based 
behavior.  To  train  knowledge-based  behavior,  a  laparoscopy 
simulator  should  be  capable  of  accurately  imitating  the 
surgical  environment  encountered  during  laparoscopic 
surgery  (Fig.  46.11). 
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The  perceived  information  from  the  environment  should 
be  simulated  accurately  to  ensure  effective  training.  The 
training  of  knowledge-based  behavior  on  a  simulator  still 
poses  a  huge  challenge.  Two  fundamental  problems  occur. 
Whereas  the  physics  that  determine  the  behavior  of  an 
aircraft  is  fairly  well  known  and  described  mathematically, 
the  physics  that  describes  the  behavior  of  soft-tissue  organs 
is  highly  complicated  and  many  parameters  are  simply  still 
missing.  Additionally,  each  aircraft  roughly  has  the  same 
flight  characteristics  and  cockpit  layout,  but  each  new  patient 
has  a  different  anatomical  layout  than  the  previous  one. 
Laparoscopy  simulators  have  to  be  able  to  generate 
“random”  patients  (Fig.  46.12). 


Fig.  46.1 1 :  Virtual  reality  trainer  for  LAVH 


Fig.  46.12:  Simulated  models  of  GB  and  CBD  to  improve 
choledochoscopic  skill 


The  integration  of  knowledge-based  behavior  training 
in  a  future  simulator  would  enhance  safety  levels  in 
laparoscopy,  since  then  every  possible  surgical  complication 
could  be  trained  beforehand.  As  in  aviation,  intensive 
training  can  reduce  a  situation  that  at  first  required 
improvising  at  a  knowledge-based  behavior  level  from  the 
trainee,  to  a  situation  that  can  be  solved  by  applying  trained 
rules. 

LEARNING  CURVE  IN  LAPAROSCOPY 

TP  Wright  originally  introduced  the  concept  of  a  learning 
curve  in  aircraft  manufacturing  in  1936.  He  described  a 
basic  theory  for  costing  the  repetitive  production  of  airplane 
assemblies.  The  term  was  introduced  to  medicine  in  the 
1980s  after  the  advent  of  minimal  access  surgery.  It  also 
caught  the  attention  of  the  public  and  the  legal  profession 
when  a  surgeon  told  a  public  enquiry  in  Britain  that  a  high 
death  rate  was  inevitable  while  surgeons  were  on  a  learning 
curve.  Recently,  it  has  been  labeled  as  a  dangerous  curve 
with  a  morbidity,  mortality  and  unproven  outcomes.  Yet 
there  is  no  standardization  of  what  the  term  means.  In  an 
endeavor  to  help  laparoscopic  surgeons  towards  evidence 
based  practices,  this  commentary  will  define  and  describe 
the  learning  curve,  its  drawing  followed  by  a  discussion  of 
the  factors  affecting  it,  statistical  evaluation,  effect  on 
randomized  controlled  trials  and  clinical  implications  for  both 
practice  and  training,  the  limitations  and  pitfalls,  ethical 
dilemmas  and  some  thoughts  to  pave  the  way  ahead. 

DEFINITION  AND  DESCRIPTION 

For  the  Wright  learning  curve,  the  underlying  hypothesis  is 
that  the  direct  man-hours  necessary  to  complete  a  unit  of 
production  will  decrease  by  a  constant  percentage  each  time 
the  production  quantity  is  doubled.  In  manufacturing,  the 
learning  curve  applies  to  the  time  and  cost  of  production. 
Can  a  surgeon’s  learning  curve  be  described  on  similar  lines? 
A  simple  definition  would  be:  The  time  taken  and/or  the 
number  of  procedures  an  average  surgeon  needs  to  be  able 
to  perform  a  procedure  independently  with  a  reasonable 
outcome.  But  then  who  is  an  average  surgeon?  Another 
definition  may  be  that  a  learning  curve  is  a  graphic 
representation  of  the  relationship  between  experience  with 
a  new  procedure  or  technique  and  an  outcome  variable 
such  as  operation  time,  complication  rate,  hospital  stay  or 
mortality.  A  learning  curve  may  also  be  operationally  defined 
as  an  improvement  in  performance  over  time.  Although 
learning  theorists  often  disagree  about  what  learning  is,  they 
agree  that  whatever  the  process  is,  its  affects  are  clearly 
cumulative  and  may  therefore  be  plotted  as  a  curve.  By 
cumulative  it  is  meant  that  somehow  the  effects  of  experience 
carry  over  to  aid  later  performance.  This  property  is 
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fundamental  to  the  construction  of  learning  curves.  The 
improvement  tends  to  be  most  rapid  at  first  and  then  tails 
off.  Hence,  there  are  three  main  features  of  a  learning  curve. 
First,  the  initial  or  starting  point  defines  where  the 
performance  of  an  individual  surgeon  begins.  Secondly,  the 
rate  of  learning  measures  how  quickly  the  surgeon  will  reach 
a  certain  level  of  performance  and  thirdly  the  asymptote  or 
expert  level  measures  where  the  surgeon’s  performance 
stabilizes.  This  has  implications  for  the  laparoscopic 
surgeon — it  suggests  that  practice  always  help  improve 
performance  but  the  most  dramatic  improvement  happens 
first.  Also,  with  sufficient  practice,  surgeons  can  achieve 
comparable  levels  of  performance. 

THE  DRAWING  OF  LEARNING  CURVES 

There  are  a  variety  of  methods  of  constructing  learning 
curves.  They  all  assume  that  successive  exposures  in  a 
learning  series  may  be  plotted  on  the  X-axis,  response 
characteristics  on  Y-axis  and  the  data  points  distributed  in 
the  XY  plane  may  be  legitimately  connected  by  a  curve. 
This  is  the  Cartesian  method.  More  recently,  the  cumulative 
sum  method  has  been  applied  for  the  construction  of  these 
curves  for  basic  skills  in  anesthetic  procedures — the  method 
consists  of  relatively  simple  calculations  that  can  be  easily 
performed  on  an  electronic  spreadsheet.  Statistical  inferences 
can  be  made  from  observed  success  and  failure.  The  method 
also  provides  both  numerical  and  graphical  representation 
of  the  learning  process. 

The  multimode  learning  curve  is  useful  because  several 
factors  can  be  put  into  one  graph.  The  earlier  used  method 
of  the  performance  analysis  with  it’s  on  the  spot  appraisals 
at  certain  time  intervals  have  been  replaced  by  continuous 
assessment.  For  continuous  data  like  operation  time  the 
moving  average  method  is  useful. 


Fig.  46.13:  Hierarchy  of  factors  affecting  learning  curve 


inanimate  trainers  and  animal  tissue  has  been  shown  to 
facilitate  the  process  of  learning.  The  slope  of  the  curve 
depends  on  the  nature  of  the  procedure  and  frequency  of 
procedures  performed  in  specific  time  period.  Many  studies 
suggest  that  complication  rates  are  inversely  proportional 
to  the  volume  of  the  surgical  workload.  However,  rapidity 
of  learning  is  not  significantly  related  to  the  surgeon’s  age, 
size  of  practice  or  hospital  setting.  Another  important  factor 
that  affects  the  learning  curve  is  the  supporting  surgical  team. 
A  recent  observational  study  to  investigate  the  incidence  of 
technical  equipment  problems  during  laparoscopic 
procedures  reported  that  in  87  percent  of  procedures  one 
or  more  incidents  with  technical  equipment  or  instruments 
occurred.  Hence,  improvement  and  standardization  of 
equipment  combined  with  incorporation  of  check  lists  to  be 
used  before  surgery  has  been  recommended. 


FACTORS  AFFECTING  LEARNING  CURVES 

Complex  hierarchies  of  factors  are  involved  here  (Fig. 
46.13).  Factors  like  guidelines,  protocols  and  standards  for 
clinical  governance  agreed  upon  by  the  medical  fraternity 
are  vital.  Next,  the  institutional  policies  and  cost  effectiveness 
are  contributory.  Needless  to  say  the  surgical  team,  the  case 
mix  and  public  awareness  are  relevant.  The  final  level  in 
the  hierarchy  that  can  influence  individual  learning  is  the 
characteristics  of  the  surgeon  such  as  attitude,  capacity  for 
acquiring  new  skills  and  previous  experience. 

Amongst  the  latter,  that  is  the  characteristics  of  the 
surgeon,  the  learning  curve  may  depend  on  the  manual 
dexterity  of  the  individual  surgeon  and  the  background 
knowledge  of  surgical  anatomy.  The  type  of  training  the 
surgeon  has  received  is  also  important  as  training  on 


STATISTICAL  EVALUATION  OF  LEARNING  CURVES 

Various  statistical  methods  have  been  reported  in  the 
assessment  of  the  learning  curve.  Commonly  data  are  split 
into  arbitrary  groups  and  the  means  compared  by  chi- 
squared  test  or  ANOVA.  Some  studies  had  data  displayed 
graphically  with  no  statistical  analysis.  Others  used  univariate 
analysis  of  experience  versus  outcome.  Some  studies  used 
multivariate  analysis  techniques  such  as  logistic  regression 
and  multiple  regression  to  adjust  for  confounding  factors.  A 
systematic  review  concluded  that  the  statistical  methods  used 
for  assessing  learning  curves  have  been  crude  and  the 
reporting  of  studies  poor.  Recognizing  that  better  methods 
may  be  developed  in  other  nonclinical  fields  where  learning 
curves  are  present  (psychology  and  manufacturing)  a 
systematic  search  was  made  of  the  nonclinical  literature  to 
identify  novel  statistical  methods  for  modeling  learning 
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curves.  A  number  of  techniques  were  identified  including 
generalized  estimating  equations  and  multilevel  models.  The 
main  recommendation  was  that  given  the  hierarchical  nature 
of  the  learning  curve  data  and  the  need  to  adjust  for 
co variant,  hierarchical  statistical  models  should  be  used. 

EFFECT  OF  LEARNING  CURVE  ON 
RANDOMIZED  CONTROLLED  TRIALS 

The  learning  curve  can  cause  difficulties  in  the  interpretation 
of  RCTs  by  distorting  comparisons.  The  usual  approaches 
to  designing  trials  of  new  surgical  techniques  has  been  either 
to  provide  intensive  training  and  supervision  or  require 
participating  surgeons  to  perform  a  fixed  number  of 
procedures  prior  to  participation  in  a  trial.  Surgeons  have 
been  reluctant  to  randomize  until  they  are  proficient  in  a 
technique  but  once  convinced  of  its  worth,  argue  that  it  is 
too  late  to  randomize.  However,  the  best  way  to  address 
the  problem  is  to  have  a  statistical  description  of  the  learning 
curve  effect  within  a  trial  and  various  methods  can  then  be 
used  example  Bayesian  hierarchical  model. 

IMPLICATIONS  FOR  PRACTICE  AND  TRAINING 

In  the  current  era  of  evidence  based  medicine  enthusiasm 
for  laparoscopic  surgery  is  rapidly  gaining  momentum.  There 
is  an  immense  amount  of  literature  showing  advantages  of 
minimal  access  surgery  and  acceptance  by  the  public.  The 
learning  curve  for  many  procedures  has  been  documented. 
As  far  as  training  is  concerned,  the  introduction  of 
laparoscopic  techniques  in  surgery  led  to  many  unnecessary 
complications.  This  led  to  the  development  of  skills 
laboratories  involving  use  of  box  trainers  with  either  innate 
or  animal  tissues  but  lacks  objective  assessment  of  skill 
acquisition.  Virtual  reality  simulators  have  the  ability  to  teach 
psychomotor  skills.  However,  it  is  a  training  tool  and  needs 
to  be  thoughtfully  introduced  into  the  surgical  training 
curriculum.  A  recent  prospective  randomized  controlled  trial 
showed  that  virtual  simulator  combined  with  inanimate  box 
training  leads  to  better  laparoscopic  skill  acquisition.  An 
interesting  finding  reported  is  that  in  skills  training  every 
task  should  be  repeated  at  least  30  to  35  times  for  maximum 
benefit.  The  distribution  of  training  over  several  days  has 
also  been  shown  to  be  superior  to  training  in  one  day.  Other 
factors  enhancing  training  are  fellowship  programmer,  or 
playing  video  games.  One  can  also  obtain  feedback  for 
improvement  of  training  program.  In  one  such  study,  the 
deficiency  factors  identified  were  lack  of  knowledge,  lack  of 
synchronized  movement  of  the  nondominant  hand  and  easy 
physical  fatigue.  Incorporation  of  intensive,  well  planned  in 
vitro  training  into  the  curriculum  was  made  and  the 
programmed  reassessed. 


WHAT  ARE  THE  LIMITATIONS  OR  PITFALLS? 

“Steep”  learning  curves  are  usually  used  to  describe 
procedures  that  are  difficult  to  learn.  However, 
this  is  a  misnomer  as  it  implies  that  large  gains  in  proficiency 
are  achieved  over  a  small  number  of  cases.  Instead  the  curve 
for  a  procedure  that  requires  a  lot  of  cases  to  reach 
proficiency  should  be  described  as  “flattened”. 

As  long  as  no  valid  scoring  system  concerning  the 
complexity  of  a  surgical  intervention  exists,  the  learning  curve 
cannot  be  used  as  benchmarks  to  compare  different  surgeons 
or  clinics  as  legitimate  instruments  to  rank  surgeons  or 
different  hospitals.  Limitations  of  long  learning  curves, 
facilities  for  training,  mistakes  of  pioneers,  surgical  techniques 
not  being  described  in  books  are  some  of  the  limitations. 
There  are  other  limitations  due  to  the  nature  of  laparoscopic 
surgery  like  the  lack  of  3D  vision  and  of  tactile  sensations, 
difficult  hand  eye  coordination  and  long  instruments. 

ETHICAL  DILEMMAS 

Many  dilemmas  exist  and  many  questions  will  always  be 
with  us — who  bears  the  burden  of  the  learning  curve?  Are 
the  patients  aware  of  the  risks?  Many  reports  validate  the 
impression  that  a  patient  operated  upon  during  the  learning 
curve  takes  greater  risks  and  incurs  more  adverse 
circumstances  than  the  patient  operated  upon  later.  The 
issue  of  how  informed  the  informed  consent  should  be  needs 
to  be  addressed.  Is  the  integrity  and  conscience  of  a  surgeon 
measurable?  Should  the  forces  of  marketing  be  curtailed  or 
regulated? 

THE  WAY  FORWARD 

Laparoscopic  surgery  is  here  to  stay  and  success  in  it  is 
determined  by  how  quickly  and  effectively  we  learn. 
However,  certain  measures  may  be  taken  to  lessen  some  of 
the  adverse  effects  of  the  learning  curve  and  others  to  help 
laparoscopic  surgeons  ease  into  the  specialist.  Setting  up  of 
minimal  standards  and  credentialing  is  a  must.  Current 
guidelines  in  many  countries  are  vague  and  general.  The 
evidence  for  training  is  well  documented.  The  message  for 
individual  surgeons  is  to  identify  their  deficiencies,  and  chart 
a  way  forward  for  their  personal  graph  of  progress. 
Evaluation  and  monitoring  in  a  systematic  scientific  manner 
will  benefit  the  surgeon  with  a  satisfactory  learning  curve 
that  will  ensure  that  patient  welfare  is  not  compromised. 

CONCLUSION 

In  this  article,  it  has  been  pointed  out  that  it  is  important  to 
establish  the  training  objectives,  needs,  and  means,  since 
they  provide  an  answer  to  the  questions.  What  is  the  end 
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goal  of  the  training?,  What  should  be  trained?,  and  How 
can  we  train  it?  Rasmussen’s  model  of  human  behavior 
provides  a  practical  framework  for  the  definition  of  the 
training  objectives,  needs,  and  means  in  MIS,  and  the 
evaluation  thereof. 

IMPORTANT  RESOURCES 

http://www.bissoc.com 

http  ://www .  laparoscopy  hospital .  com 

www.obgyn.net 

http :  //www .  laparoscopy .  net 

http  ://www .  medscape .  com 

http://www.websurg.com 
http  ://www .  ivf .  com/laprscpv .  html 

http://www.sages.org 
http :  //www .  edu .  r  csed  .ac.uk 

http  ://www .  webmd .  com 
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On  July  11, 2000,  FDA  approved  the  first  completely  robotic 
surgery  device,  the  da  Vinci  surgical  system  from  Intuitive 
Surgical  (Mountain  View,  CA).  The  system  enables  surgeons 
to  remove  gallbladders  and  perform  other  general  surgical 
procedures  while  seated  at  a  computer  console  and  3D  video 
imaging  system  across  the  room  from  the  patient.  The 
surgeons  operate  controls  with  their  hands  and  fingers  to 
direct  a  robotically  controlled  laparoscope  (Fig.  47.1). 

This  system  and  other  robotic  devices  developed  or 
under  development  by  companies  such  as  Computer  Motion 
(Santa  Barbara,  CA)  and  Integrated  Surgical  Systems  (Davis, 
CA)  have  the  potential  to  revolutionize  surgery  and  the 
operating  room.  They  provide  surgeons  with  the  precision 
and  dexterity  necessary  to  perform  complex,  minimally 
invasive  surgical  (MIS)  procedures,  such  as  beating-heart 
single-  or  double-vessel  bypass  and  neurological,  orthopedic, 
and  plastic  surgery,  among  many  other  future  applications. 

Manufacturers  believe  that  their  products  will  broaden 
the  scope  and  increase  the  effectiveness  of  MIS;  improve 
patient  outcomes;  and  create  a  safer,  more  efficient,  and 
more  cost-effective  operating  room.  It  is  the  vision  of  these 
companies  that  robotic  systems  will  one  day  be  applicable 
to  all  surgical  specialties,  although  it  is  too  early  to  tell  the 
full  extent  to  which  they’ll  be  used. 

The  first  generation  of  surgical  robots  are  already  being 
installed  in  a  number  of  operating  rooms  around  the  world. 
These  are  not  true  autonomous  robots  that  can  perform 
surgical  tasks  on  their  own,  but  they  are  lending  a  mechanical 
helping  hand  to  surgeons.  These  machines  still  require  a 
human  surgeon  to  operate  them  and  input  instructions. 
Remote  control  and  voice  activation  are  the  methods  by 
which  these  surgical  robots  are  controlled.  Robotics  are  being 
introduced  to  minimal  access  surgery  because  they  allow 
for  unprecedented  control  and  precision  of  surgical 
instruments.  So  far,  these  machines  have  been  used  to 
position  an  endoscope,  perform  gallbladder  surgery  and 


correct  gastroesophgeal  reflux  and  heartburn.  The  ultimate 
goal  of  the  robotic  surgery  field  is  to  design  a  robot  that  can 
be  used  to  perform  closed-chest,  beating-heart  surgery. 

Recently  transatlantic  surgery  between  USA  and 
Strasbourg  is  a  revolution  in  transatlantic  minimal  access 
surgery.  In  this  surgery  there  was  slight  delay  (66  millisecond) 
delay  in  transfer  of  data  but  in  future  this  delay  can  easily 
minimized.  In  the  future  remote  handling  technology  will 
overcome  the  manipulative  restriction  in  the  current 
instruments.  There  is  no  doubt  10  years  from  now  some 
surgeons  will  be  operating  exclusively  via  a  computer 
interface  controlling  a  masterslave  manipulation.  If 
computer-controlled  machinery  can  mimic  the  awareness, 
adaptability  and  knowledge  of  a  human  surgeon,  such  a 
takeover  in  the  operating  theater  is  actually  realistic. 

In  the  operating  room  of  the  future,  physicians  will  use 
tiny  high-tech  tools  to  travel  inside  the  body  with  dexterity 


Fig.  47.1 :  Robotic  surgery  port  placement  for  nephrectomy 
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and  precision  beyond  imagining.  The  future  of  any  new 
technology  depends  up  on  the  training. 

Three  surgical  robots  that  have  been  recently  developed 
are: 

•  da  Vinci  surgical  system 

•  ZEUS  robotic  surgical  system 

•  AESOP  robotic  system. 

The  “da  Vinci”  system  has  seven  degree  of  freedom 
movement  so  it  can  perform  more  complex  task.  The  “da 
Vinci”  system  has  been  used  to  perform  a  number  of  general 
surgical  procedures  like  cholecystectomy  and  fundoplication. 
Robotic  fundoplication  allows  easier  passage  around  and 
behind  the  esophagus  during  its  dissection  and  easier 
mobilization  of  the  curvature  of  the  stomach.  Suturing  the 
wrap  and  the  crural  approximation  are  also  easier  with  the 
help  of  these  robots. 

The  $1  million  da  Vinci  system  consists  of  two  primary 
components: 

•  A  viewing  and  control  console 

•  A  surgical  arm  unit  (Figs  47. 2A  to  C). 


In  using  da  Vinci  for  gallbladder  surgery,  three  incisions, 
no  larger  than  the  diameter  of  a  pencil  are  made  in  the 
patient’s  abdomen,  which  allows  for  three  stainless-steel  rods 
to  be  inserted.  The  rods  are  held  in  place  by  three  robotic 
arms.  One  of  the  rods  is  equipped  with  a  camera,  while  the 
other  two  are  fitted  with  surgical  instruments  that  are  able 
to  dissect  and  suture  the  tissue  of  the  gallbladder.  Unlike  in 
conventional  surgery,  these  instruments  are  not  directly 
touched  by  the  doctor’s  hands. 

Effector  tips  of  the  da  Vinci  surgical  system  incorporate 
miniature  wrists  that  allow  them  to  mimic  any  movement 
made  by  the  surgeon  at  the  control  console.  Sitting  at  the 
control  console,  a  few  feet  from  the  operating  table,  the 
surgeon  looks  into  a  viewfinder  to  examine  the  3D  images 
being  sent  by  the  camera  inside  the  patient.  The  images 
show  the  surgical  site  and  the  two  surgical  instruments 
mounted  on  the  tips  of  two  of  the  rods.  Joystick-like  controls, 
located  just  underneath  the  screen,  are  used  by  the  surgeon 
to  manipulate  the  surgical  instruments.  Each  time  one  of 
the  joysticks  is  moved,  a  computer  sends  an  electronic  signal 


Figs  47.2A  to  C:  (A  and  B)  Robotic  arms  of  da  Vinci  surgical  system;  (C)  Effector  tips  of  the  da  Vinci  surgical  system 
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to  one  of  the  instruments,  which  moves  in  sync  with  the 
movements  of  the  surgeon’s  hands. 

Another  robotic  system  is  the  ZEUS  System,  made  by 
computer  motion,  which  is  already  available  in  Europe. 
However,  both  the  da  Vinci  and  ZEUS  systems  must  receive 
governmental  approval  for  each  procedure  that  a  surgeon 
plans  to  use  it  for.  The  $750,000  ZEUS  has  a  similar  set  up 
to  that  of  the  da  Vinci.  It  has  a  computer  workstation,  a 
video  display,  and  hand  controls  that  are  used  to  move  the 
table-mounted  surgical  instruments.  While  the  ZEUS  system 
has  not  yet  been  cleared  for  American  use  beyond  clinical 
trials,  German  doctors  have  already  used  the  system  to 
perform  coronary  bypass  surgery. 

The  ZEUS  system  employs  the  assistance  of  the 
automated  endoscopic  system  for  optimal  positioning 
(AESOP)  robotic  system.  Released  by  computer  motion  in 
1994,  AESOP  was  the  first  robot  to  be  cleared  by  the  FDA 
for  assisting  surgery  in  the  operating  room.  AESOP  is  much 
simpler  than  the  da  Vinci  and  ZEUS  systems.  It  is  basically 
just  one  mechanical  arm,  used  by  the  physician  to  position 
the  laparoscope.  Foot  pedals  or  voice-activated  software 
allow  the  surgeon  to  position  the  camera,  leaving  his  or  her 
hands  free  to  continue  operating  on  the  patient  (Fig.  47.3). 

The  use  of  a  computer  console  to  perform  operations 
from  a  distance  opens  up  the  idea  of  telesurgery,  which 
would  involve  a  doctor  performing  delicate  surgery 
thousands  of  miles  away  from  the  patient.  If  it  were  possible 
to  use  the  computer  console  to  move  the  robotic  arms  in 
real-time,  then  it  would  be  possible  for  a  doctor  in  New 
Delhi  to  operate  on  a  patient  in  New  York.  A  major  obstacle 
in  telesurgery  has  been  the  time  delay  between  the  doctor 
moving  his  or  her  hands  to  the  robotic  arms  responding  to 
those  movements.  Currently,  the  doctor  must  be  in  the  room 


Fig.  47.3:  Robotic  surgery  (1)  Surgeon  console;  (2)  Image 
processing  equipment;  (3)  Endowrist  instruments;  (4)  Surgical  arm 
cart;  (5)  Hi-resolution  3D  endoscope 


with  the  patient  for  robotic  systems  to  react  instantly  to  the 
doctor’s  hand  movements. 

Having  fewer  personnel  in  the  operating  room  and 
allowing  doctors  the  ability  to  operate  on  a  patient  long¬ 
distance  could  lower  the  cost  of  health  care.  In  addition  to 
cost  efficiency,  robotic  surgery  has  several  other  advantages 
over  conventional  surgery,  including  enhanced  precision  and 
reduced  trauma  to  the  patient.  For  instance,  heart  bypass 
surgery  now  requires  that  the  patient’s  chest  30.48  cm  long 
incision.  However,  with  the  da  Vinci  or  ZEUS  systems,  it  is 
possible  to  operate  on  the  heart  by  making  three  small 
incisions  in  the  chest,  each  only  10  mm  in  diameter.  The 
patient  would  experience  less  pain  and  less  bleeding,  which 
means  a  faster  recovery. 

Robotics  also  decreases  the  fatigue  that  doctors 
experience  during  surgeries  that  can  last  several  hours. 
Surgeons  can  become  exhausted  during  those  long  surgeries, 
and  can  experience  hand  tremors  as  a  result.  Even  the 
steadiest  of  human  hands  cannot  match  those  of  a  surgical 
robot.  The  da  Vinci  system  has  been  programmed  to  com¬ 
pensate  for  tremors,  so  if  the  doctor’s  hand  shakes  the 
computer  ignores  it  and  keeps  the  mechanical  arm  steady. 

While  surgical  robots  offer  some  advantages  over  the 
human  hand,  we  are  still  a  long  way  from  the  day  when 
autonomous  robots  will  operate  on  people  without  human 
interaction.  But,  with  advances  in  computer  power  and 
artificial  intelligence,  it  could  be  that  in  this  century  a  robot 
will  be  designed  that  can  locate  abnormalities  in  the  human 
body,  analyze  them  and  operate  to  correct  those 
abnormalities  without  any  human  guidance. 

The  fallopian  tube  reconnection  procedure,  referred  to 
as  tubal  reanastomosis,  was  performed  by  Dr  Tommaso 
Falcone,  who  is  Head  of  the  Reproductive  Endocrinology 
and  Infertility  Section  at  the  Cleveland  Clinic.  Dr  Falcone 
used  Computer  Motion’s  ZEUS  robotic  surgical  system  as 
part  of  a  clinical  trial,  approved  by  the  United  States  Food 
and  Drug  Administration  (FDA). 

The  patient,  a  38-year-old  woman,  and  her  healthy  10- 
day-old  son  are  both  in  excellent  condition  and  have 
returned  to  their  Cleveland-area  home.  The  mother  had 
originally  undergone  a  tubal  ligation  sterilization  operation 
in  her  twenties.  She  and  her  partner  later  wished  to  have  a 
child  together  and  began  preparing  for  a  reversal  operation. 
The  patient  saw  an  advertisement  for  the  ZEUS  study  and 
consulted  with  trial  leader  Dr  Falcone.  The  lady  was  informed 
in  detail  of  the  investigational  protocol  and  agreed  to  have 
the  robotically  assisted  procedure. 

In  addition  to  the  ZEUS  System,  Computer  Motion 
markets  the  AESOP  3000,  a  voice-controlled  endoscope 
positioning  system,  and  the  HERMES  Control  Center,  a 
centralized  system  which  enables  the  surgeon  to  voice  control 
a  network  of  “smart”  medical  devices.  Currently,  the  ZEUS 
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system  is  under  an  FDA-approved  investigational  device 
exemption  and  is  also  CE  marked  for  commercial  sale  in 
Europe. 

Robotics  is  rapidly  developing  in  surgery,  although  the 
word  is  slightly  misused  in  this  connection.  None  of  the 
systems  under  development  involves  a  machine  acting 
autonomously.  Instead,  the  machine  acts  as  a  remote 
extension  of  the  surgeon.  The  correct  term  for  such  a  system 
is  a  “master  slave  manipulator,”  although  it  seems  unlikely 
that  this  term  will  gain  general  currency. 

Minimal  invasive  surgery  is  itself  a  form  of  tele¬ 
manipulation  because  the  surgeon  is  physically  separated 
from  the  workspace.  Telerobotics  is  an  obvious  tool  to  extend 
the  surgeons  capabilities.  The  goal  is  to  restore  the  tactile 
cues  and  intuitive  dexterity  of  the  surgeon,  which  are 
diminished  by  minimal  invasive  surgery.  A  slave 
manipulator,  controlled  through  a  spatially  consistent  and 
intuitive  master  with  a  force  feedback  system,  could  replace 
the  tactile  sensibilities  and  restore  dexterity  (Fig.  47.4). 

Although  the  potential  of  robotic  surgery  is  just  beginning 
but  progress  may  come  quickly.  Laparoscopic  gallbladder 
surgery  was  first  done  in  1987,  but  it  became  standard  within 
five  years.  Just  think  about  a  surgeon!  He  picks  up  this  black 
box  and  waves  it  over  your  body,  and  you’re  fixed.  How’s 
that  going  to  happen?  One  day  a  surgeon  may  use  robotic 
devices  to  enter  the  body  through  its  own  orifices.  They 
could  carry  medical  instruments  inside  the  body,  where  they 
would  be  manipulated  by  simple  computer  commands  (Figs 
47.5  to  47.7). 

The  robotic  arm  after  addition  of  wrists  permits  the 
surgeon  to  mimic  his  own  movements,  rather  than 
experience  limitations  of  the  rigid  long  cylindrical 
laparoscopic  instrument  and  has  obvious  advantages  in 
terms  of  dexterity  and  complexity  of  instrument 
(Fig.  47.8). 


Fig.  47.4:  Robotic  surgery  via  master  slave  manipulator 


Fig.  47.5:  Master  slave  manipulator 


INSTRUMENTS  OF  ROBOTIC  SURGERY 

da  Vinci  Surgical  System  (Figs  47.9  to  47.20) 

Using  the  most  advanced  technology  available  today,  the 
da  Vinci  surgical  system  enables  surgeons  to  perform  delicate 
and  complex  operations  through  a  few  tiny  incisions  with 
increased  vision,  precision,  dexterity  and  control.  The  da 
Vinci  surgical  system  consists  of  several  key  components, 
including:  an  ergonomically  designed  console  where  the 
surgeon  sits  while  operating,  a  patient-side  cart  where  the 
patient  lays  during  surgery,  four  interactive  robotic  arms.  A 
high-definition  3D  vision  system  and  proprietary  Endowrist 
instruments. 

da  Vinci  is  powered  by  state-of-the-art  robotic  technology 
that  allows  the  surgeon’s  hand  movements. 


Fig.  47.6:  Robotic  console 
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Fig.  47.7:  Robotic  arm  Fig.  47.8:  Ports  in  cardiac  minimal  access  surgery 


Fig.  47.9:  da  Vinci  high  definition  surgical  robot 


Fig.  47.10:  da  Vinci  surgeon  console 


Fig.  47.11 :  Patient  cart 
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Fig.  47.12:  Seven  degree  movement  is  possible  Fig.  47.13:  da  Vinci  vision  cart 


Fig.  47.14:  Robotic  Endowrist  instruments 


Fig.  47.15:  Robotic  scissors  and  bipolar  dissector 


to  be  scaled,  filtered  and  translated  into  precise  movements 
of  the  Endowrist  instruments  working  Inside  the  patient’s 
body. 

Core  Technology 

•  System  components 

•  3D  HD  vision. 


Fig.  47.16:  Robotic  tenaculam  and  grasper 


INSTRUMENTATION 

Using  the  da  Vinci  surgical  system,  the  surgeon  operates 
seated  comfortably  at  a  console  while  viewing  a  high 
definition,  3D  image  inside  the  patient’s  body. 

•  The  surgeon’s  fingers  grasp  the  master  controls  below 
the  display  with  hands  and  wrists  naturally  positioned 
relative  to  his  or  her  eyes. 
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Fig.  47.17:  Robotic  needle  holder 


Fig.  47.18:  Robotic  atraumatic  grasper 


Fig.  47.19:  Robotic  clip  applicator 


Fig.  47.20:  Robotic  scissor  and  maryland 


•  The  system  seam  lessly  translates  the  surgeon’s  hand, 
wrist  and  finger  movements  into  precise,  real-time 
movements  of  surgical  instruments. 

•  The  patient-side  cart  is  where  the  patient  is  positioned 
during  surgery.  It  includes  either  three  or  four  robotic 
arms  that  carry-out  the  surgeon’s  commands. 

•  The  robotic  arms  move  around  fixed  pivot  points  which 
reduces  trauma  to  the  patient,  improves  the  cosmetic 
outcome,  and  increases  overall  precision. 

•  The  system  requires  that  every  surgical  maneuver  be 
under  the  direct  control  of  the  surgeon.  Repeated  safety 
checks  prevent  any  independent  movement  of  the 
instruments  or  robotic  arms. 

•  A  full  range  of  Endowrist  instruments  is  available  to  the 
surgeon  while  operating. 

•  The  instruments  are  designed  with  seven  degrees  of 
motion — a  range  of  motion  even  greater  than  the  human 
wrist. 

•  Each  instrument  has  a  specific  surgical  mission  such  as 
clamping,  suturing  and  tissue  manipulation. 

•  Quick-release  levers  speed  instrument  changes  during 
surgery. 

•  The  vision  system  is  equipped  with  a  high-definition, 
3D  endoscope  (flexible  tube  with  a  camera  and  light  at 
the  tip)  and  image  processing  equipment  that  provides 
true-to-life  images  of  the  patient’s  anatomy. 

•  A  view  of  the  operating  field  is  available  to  the  entire 
operative  room  (OR)  team  on  a  large  viewing  monitor 
(vision  cart).  This  widescreen  view  provides  the  surgical 
assistant  at  the  patient’s  side  with  a  broader  perspective 
and  visualization  of  the  procedure. 

INSTRUMENTS  AND  ACCESSORIES 

Intuitive  surgical’s  exclusive  Endowrist  instruments  are 
designed  to  provide  surgeons  with  natural  dexterity  and  full 
range  of  motion  for  precise  operation  through  tiny  incisions. 
Modeled  after  the  human  wrist,  Endowrist  instruments  can 
offer  an  even  greater  range  of  motion  than  the  human  hand. 
They  truly  allow  the  da  Vinci®  system  to  take  surgical 
precision  and  technique  beyond  the  limits  of  the  human 
hand.  Similar  to  human  tendons,  an  Endowrist  instrument’s 
internal  cables  provide  maximum  responsiveness,  allowing 
rapid  and  precise  suturing,  dissection  and  tissue 
manipulation.  Endowrist  instruments  provide  enhanced 
dexterity,  precision  and  control: 

•  7°  of  freedom 

•  90°  of  articulation 

•  Intuitive  motion  and  finger-tip  control 

•  Motion  scaling  and  tremor  reduction 

The  wrist-like  movement,  responsiveness  and  robotic 
control  afforded  by  the  da  Vinci  system  and  its  exclusive 
Endowrist  instruments  provide  surgeons  fluid  ambidexterity 
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and  unparalleled  precision. The  Endowrist  instruments  are 
available  in  a  wide  selection  of  specialized  tip  designs  to 
enable  a  broad  range  of  da  Vinci  procedures.  As  da  Vinci 
surgery  is  adopted  in  new  specialties,  our  engineers  work 
side-by-side  with  surgeons  to  develop  new  Endowrist 
instruments  to  address  new  clinical  needs.  The  following  is 
a  list  of  instrument  categories  for  which  intuitive  offers 
specialized  tip  designs. 

Energy  instruments  are  used  by  the  da  Vinci  surgeon  to 
provide  coagulation,  cutting  and  dissection  of  tissues.  These 
include  monopolar  and  bipolar  cautery  instruments  (electrical 
energy),  the  Harmonic™ ACE  (mechanical  energy),  the  PK™ 
Dissecting  Forceps  (advanced  bipolar),  and  laser. 

Grasping  instruments  to  allow  for  manipulation  of  a  wide 
range  of  tissues,  from  fine,  thin  tissues  such  as  peritoneum 
to  dense,  fibrous  tissues  such  as  uterus.  Needle  drivers 
provide  the  ability  to  suture  with  the  finest  of  needles  used 
in  cardiovascular  surgery  as  well  as  the  thickest  needles  used 
in  repair  of  uterine  defects.  Suture  Cut™  Needle  drivers 
include  an  integral  cutting  blade  for  efficient  cutting  of  suture 
after  knot  tying  and  increased  surgeon  autonomy  and 
efficiency.  Retracting  instruments  allow  the  surgeon  to 
dynamically  provide  exposure  of  the  surgical  field.  This 
minimizes  dependency  on  the  patient-side  assistant, 
providing  the  da  Vinci  surgeon  with  full  control  of  the 
operative  field. 

Clip  appliers,  probe  graspers,  and  cardiac  stabilizers  are 
available  to  allow  the  da  Vinci  surgeon  to  perform  specialized 
procedures  such  as  vessel  clipping,  cryoablation,  and 
beating-heart  surgery. 

A  selection  of  5  mm  Endowrist  instruments  provides  the 
surgeon  with  the  ability  to  use  smaller  access  ports.  Some 
surgeons  prefer  smaller  access  ports  when  performing 
pediatric,  thoracic,  bariatric,  gynecologic,  and  general 
surgery. 

OPERATING  ROOM  CONFIGURATION, 

PORT  PLACEMENT  AND  DOCKING 

Before  any  procedure,  the  robot  has  to  be  prepared  for 
surgery.  It  includes  the  connection  of  all  necessary  parts, 
such  as  sterile  drapes  and  connectors  needed  for  surgery 
and  the  calibration  process.  These  steps  are  conducted  by  a 
core  team  of  scrub  nurses  specifically  trained  in  handling 
the  robot  while  the  patient  is  in  preparation  for  surgery. 
Currently,  the  only  available  system  for  laparoscopic  surgery 
is  the  da  Vinci  surgical  system,  developed  by  Intuitive 
Surgical  (Sunnyvale,  CA,  USA). 

Any  robotic  procedure  is  performed  by  a  team  of 
surgeons  and  nurses.  It  includes  the  console  surgeon,  patient 
side  assistant  surgeon  and  the  scrub  nurse.  Although  console 
surgeon  is  the  leader  of  the  team,  a  trained  assistant  surgeon 
is  of  paramount  importance  as  he/she  is  the  person 


responsible  for  robot  docking,  instrument  change, 
manipulation  of  laparoscopic  instruments,  application  of 
hemostatic  instruments/clips,  lavage  and  aspiration, 
specimen  extraction,  drainage  and  closure  of  abdominal 
wall.  A  trained  scrub  nurse  is  also  important  in  draping  the 
robotic  arms,  attaching  the  optics,  instrument  changes  and 
undocking  of  the  robot. 

Operating  Room  Configuration 

This  topic  includes  the  optimum  positioning  of  the  following 
components  in  the  operating  room  (OR)  so  as  to  allow  for 
maximum  functionality: 

•  Surgeon  console  positioning 

•  Patient  cart  positioning 

•  Vision  cart  positioning. 

Surgeon  Console  Position 

The  surgeon  console  is  placed  outside  of  the  sterile  field.  It 
should  be  oriented  in  such  a  position  so  that  the  surgeon 
has  a  clear  view  of  the  operative  field,  vision  cart  and  able 
to  communicate  directly  with  the  assistant  surgeon  and  the 
scrub  nurse. 

For  moving  or  positioning  the  surgeon  console,  only  the 
handle  (Fig.  47.21)  on  the  back  of  the  console  is  used.  It 
should  never  be  pushed  or  pulled  by  the  console  body  or 
armrest  to  maneuver  the  console  into  place.  Wheel  locks 
located  on  the  rear  wheels  of  the  surgeon  console  should 
be  locked  after  positioning  of  console  for  the  surgery. 

Patient  Cart  Positioning 

The  patient  cart  is  placed  in  the  sterile  field.  It  should  be  draped 
in  a  separate  area  in  the  room  prior  to  moving  it  into  place  for 


Fig.  47.21:  Surgeon  console  handle 
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surgery.  This  should  an  area  of  the  room  where  it  will  not 
easily  come  into  contact  with  nonsterile  objects  or  impede  traffic. 
Once  the  patient  cart  is  draped,  and  the  patient  is  positioned, 
prepared,  draped  and  ports  are  placed.  Then  use  the  patient 
cart  motor  drive  to  help  move  the  cart  into  the  sterile  field. 

The  patient  cart  brakes  are  designed  to  automatically 
engage  when  the  motor  drive  is  not  in  use. 

Motor  Drive  Operation 

The  motor  drive  interface  consists  of  the  following 
components  (Fig.  47.22): 

•  Throttle 

•  Throttle  enable  switch 

•  Shift  switches. 

To  operate  the  motor  drive: 

•  Ensure  that  the  patient  cart  is  powered  on 

•  Ensure  the  shift  switches  are  in  the  drive  position  (Figs 
47.23A  and  B). 


Fig.  47.22:  Location  of  throttle,  throttle  enable  switch,  and  shift 
switches 


•  Throttle  enable  switch  to  be  held  and  throttle  rotated 
away  from  the  operator  or  towards  him/her  depending 
on  the  intended  direction  of  movement. 

-  The  cart  power  LED  will  flash  green  whenever  the 
throttle  enable  switch  is  activated. 

-  The  drive  speed  of  the  cart  can  be  controlled  rotating 
the  throttle  to  different  extent  in  each  direction. 

The  motor  drive  will  not  engage  whenever  cannulae  or 
instruments  are  installed  on  the  system.  A  yellow  LED  on 
motor  drive  interface  labeled  “cannula  installed:  cart  drive 
disabled”  will  indicate  when  cannuale  or  instruments  are 
installed  and  motor  drive  is  nonoperational.  This  has  been 
done  for  safety  purpose. 

Shift  Switches 

The  patient  cart  can  be  moved  without  the  use  of  the  motor 
drive  (for  example,  during  a  power  loss)  by  rotating  the 
shift  switches  (Fig.  47.23B)  to  the  neutral  (N)  position.  The 
cart  can  then  be  moved  manually.  When  the  cart  has  been 
moved,  shift  switches  should  be  placed  in  the  drive  (D) 
position  to  set  the  patient  cart  brakes. 

For  patient  safety,  the  shift  switches  must  be  kept  in  the 
drive  (D)  position  so  that  the  motor  drive  remains  engaged 
during  surgery  (See  Fig.  47.23A). 

Vision  Cart  Positioning 

The  vision  cart  is  placed  adjacent  to  the  patient  cart,  just 
outside  of  the  sterile  field,  to  allow  the  patient  cart  operator 
to  see  the  component  displays  (Fig.  47.24). 

•  The  vision  cart  should  be  close  enough  to  the  patient 
cart  to  allow  unrestricted  camera  cable  movement  during 
surgery. 


Figs  47.23A  and  B:  (A)  Drive  motor  engaged;  (B)  Drive  motor  disengaged 
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Fig.  47.24:  Position  of  vision  cart 


•  Wheel  locks  are  located  on  the  rear  wheels  of  the  vision 
cart.  These  should  be  locked  after  the  cart  is  positioned 
for  surgery. 

Steps  of  Docking 

•  Position  patient  and  OR  table,  including  table  tilt 

•  Position  patient  cart  over  patient 

•  Set  patient  cart  brakes 

•  Docking  the  camera  arm 

•  Docking  the  instrument  arms 

•  Check  system  set-up. 

The  patient  table  should  be  positioned  according  to 
surgeon  preference  (depending  on  the  contemplated 
procedure)  before  docking  the  robotic  arms.  Once  the  arms 
are  docked  to  the  ports  and  instruments  placed,  patient 
position  should  not  be  changed.  The  pneumoperitoneum 
is  created  and  the  ports  inserted  by  either  the  lead  surgeon 
or  the  patient  side  assistant  surgeon. 

Port  Placement 

The  port  positions  vary  from  patient-to-patient,  procedure 
to  procedure  and  surgeon-to-surgeon.  It  is  very  difficult  to 
form  guidelines  specific  position  of  ports  but  broad  guidelines 
are  framed  to  maximize  endoscopic  view,  instrument  reach 
and  to  minimize  external  arm  clashing. 

Camera  port  is  inserted  keeping  following  principles  in 
mind  (Fig.  47.25): 

•  Should  be  in  line  with  the  target  anatomy  (TA) 

•  Should  be  at  10  to  20  cm  distance  from  the  TA 

•  Should  be  in  line  with  the  center  column  of  the  patient  cart. 
A  diagnostic  laparoscopy  is  done  after  insertion  of  the 

camera  port  to  look  for  safe  entry,  any  adhesions  and  surgical 
feasibility. 


Patient  cart 
center  column 


Fig.  47.25:  Camera  port  positioning 


A  disposable  12  mm  trocar  cannula  assembly  is  used 
as  the  camera  port  (Figs  47.26A  and  B).  There  are 
specialized  camera  arm  cannula  mounts  (on  the  patient 
cart  camera  arm)  corresponding  to  each  validated  third 
party  cannula. 

Working  Ports 

8  mm  da  Vinci  ports  are  inserted  for  robotic  arms  are  inserted 
keeping  in  mind  the  following  principles: 

•  >8  cm  distance  between  the  da  Vinci  ports 
(Fig.  47.27A). 

•  10  to  20  cm  distance  should  be  maintained  between 
the  dV  ports  and  target  anatomy  (Fig.  47.27B). 

10  cm  distance  from  TA  is  good  but  20  cm  distance  is 
better.  Ports  placed  closed  to  the  target  anatomy  impedes 
the  view  of  the  surgical  site  and  makes  the  operation 
technically  challenging.  Conversely,  ports  placed  >20  cm 
from  TA  makes  it  difficult  to  see  or  reach  with  robotic 
instruments. 

Assistant  port  if  needed  is  inserted  5  to  10  cm  away 
from  the  da  Vinci  ports  in  the  desirable  position.  5  or  10 
mm  ports  can  be  used  according  to  the  intended  function 
of  the  port. 

da  Vinci  provides  8  mm  reusable  cannulas  with 
disposable  seals  for  the  robotic  arms.  They  come  with 
bladeless  obturator  for  insertion. 

These  come  in  two  lengths  (Fig.  47.28): 

1.  Short  (11  cm  cannula) 

2.  Long  (16  cm  cannula)  for  high  BMI  patients. 
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Figs  47.26A  and  B:  (A)  Disposable  12  mm  trocar  cannula  assembly 


for  camera  port;  (B)  Camera  port  being  mounted  on  the  camera  arm 


□ 


/  ' 

Assistant  v 


^Camera 
8xcm 


2*  o  *  >  Q  ‘'C  m  f 

©  .8  cm  *  v  @  * 
-  - - *  -  -  -  -  - 


M 


□ 


A 


*  / 
// 

/  / 


10-20  cm  10/20  cm 

V 

Target  anatomy 


Figs  47. 27 A  and  B:  Port  placement 


Remote  Center  Technology 

Remote  center  is  the  fixed  point  in  the  space  around  which 
surgical  arm  and  cannula  move.  It  helps  in  maneuvering 
instruments/endoscopes  in  surgical  site  while  exerting 
minimal  force  on  the  abdominal  or  thoracic  wall 
(Figs  47.29A  and  B). 

It  is  marked  on  the  da  Vinci  cannulae  at  a  point  to 
minimize  stress  to  the  patient.  Remote  center  can  be  adjusted 
on  patient  side  at  the  patient  cart  using  the  clutch  button. 

Positioning  the  Patient  Cart 

Once  the  patient  is  positioned  and  the  ports  are  inserted,  it 
is  time  to  attach  patient  cart  instrument  arms  to  the  patient 
in  a  process  called  docking.  Before  moving  patient  cart  into 
position  over  the  patient,  it  is  important  to  align  the  OR 


Fig.  47.28:  da  Vinci  cannula 
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table  and  the  patient.  Then  push  the  patient  cart  over  the 
patient  using  the  motor  drive  on  the  cart. 

Motor  drive  can  be  used  in  integrated  mode  when  patient 
cart  is  connected  to  the  rest  of  the  system  or  in  standalone 
mode  as  well.  The  shift  switches  on  the  base  of  the  patient  cart 
need  to  be  set  in  drive  (D)  position  (Fig.  47.30).  Then  the  cart 
can  be  moved  by  pressing  the  throttle  enable  switch  and 
throttling  either  forwards  or  backwards  (Fig.  47.31).  It  can  be 
moved  manually  if  the  shift  switch  is  set  in  neutral  (N)  position. 

Two  people  should  be  used  to  move  the  cart,  one  pushes 
or  pulls  the  cart  and  the  second  person  verbally  directs 
regarding  the  direction  of  movement.  When  the  cart  is  in 
position,  shift  switch  should  be  set  to  drive  position  (D)  for 
locking  the  cart.  Installing  the  camera  or  instrument  arm 
locks  the  patient  cart  automatically  for  patient  safety. 


Care  should  be  taken  to  align  the  camera  port,  target 
anatomy  and  the  center  column  (Fig.  47.32). 

Docking  the  Camera  Arm 

Camera  arm  should  be  docked  first  after  positioning  the 
patient  cart.  Align  the  camera  port,  target  anatomy  and  the 
center  column  of  the  patient  cart.  Use  clutch  button  to  change 
the  angle  of  camera  arm  to  match  the  angle  of  cannula  so 
that  it  points  to  target  anatomy  (Fig.  47.33). 

Stabilize  the  cannula  at  the  port  site  with  one  hand 
pointing  it  towards  the  target  anatomy.  Bring  cannula  into 
the  cannula  mount  on  the  camera  arm  and 
clip  both  wings  shut  to  hold  the  cannula  in  place 
(Fig.  47.34). 
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Fig.  47.32:  Alignment  of  camera  arm,  target  anatomy  and  center 
column  of  patient  cart 


Camera  arm  set-up  joint  #2  is  placed  opposite  the 
instrument  arm  3  (Fig.  47.35).  Set-up  joints  are  numbered 
starting  from  the  joint  closest  to  the  center  column.  Setting 
the  system  in  this  position  allows  maximum  range  of  motion 
for  all  instrument  arms. 

There  is  a  thick  blue  line  and  a  blue  arrow  on  set-up 
joint  #2  on  the  camera  arm  indicating  the  sweet  spot  (Fig. 
47.36).  Sweet  spot  should  be  aligned  by  lining  up  the  blue 
arrow  within  the  boundaries  of  blue  line.  Setting  sweet  spot 
gives  patient  cart  arms  maximum  range  of  motion  ensuring 
instrument  and  endoscope  reach  of  all  parts  of  target 
anatomy. 


Fig.  47.35:  Camera  arm  set-up  joint  #2  facing  opposite 
instrument  arm  3 


Fig.  47.33:  Docking  the  camera  arm 


Fig.  47.34:  Mounting  cannula  to  camera  arm 


Fig.  47.36:  Sweet  spot  and  its  alignment 
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Remember  that  overextending  or  not  extending  the 
camera  arm  enough  will  limit  the  instrument  range  of 
motion. 

Align  the  camera  arm  clutch  button,  3rd  set-up  joint  and 
the  center  column  (Fig.  47.37).  Strive  to  maintain  the  sweet 
spot  and  alignment  of  the  camera  arm  throughout  the 
docking  process. 

Docking  of  Instrument  Arms 

After  docking  the  camera  arm,  instrument  arms  are 
positioned  in  place  so  as  to  allow  maximum  range  of  motion 
of  the  arms.  It  is  done  in  following  steps: 

•  Position  the  instrument  arm  with  the  arm  number  and 
sterile  adaptor  facing  forwards  (Fig.  47.38). 

•  Allow  approximately  45°  angle  between  each  arm  (Fig. 
47.39).  Note  that  the  position  of  instrument  arm  3  can 
vary  according  to  patient  body  habitus  and  the 
procedure.  After  positioning,  ensure  that  the  arms  will 
not  collide  with  the  patient  or  interfere  with  each  other. 

•  Dock  the  instrument  arms  by  bringing  them  to  the 
cannula  using  the  port  clutch  button.  Bring  the  instrument 
arm  to  the  cannula  and  lock  the  wings  of  the  quick  click 
cannula  mount  on  the  arm  to  clip  the  arm  to  the  cannula 
(Fig.  47.40). 

Confirm  that  the  remote  center  of  the  port  is  present  at 
the  desired  place  in  the  abdominal  wall.  Remember  to 
stabilize  the  cannula  with  one  hand  at  the  port  site  while 
docking  the  instrument  arm. 

Check  System  Set-up 

After  docking  the  instrument  arms,  check  the  arm 
set-up.  Start  by  confirming  that  the  sweet  spot  of  the  camera 


Fig.  47.37:  Alignment  of  camera  arm  clutch  button,  3rd  set-up 
joint  and  the  center  column 


Fig.  47.38:  Positioning  of  instrument  arm 


Fig.  47.40:  Example  of  mounting  instrument  arm  on  to  the 
cannula 
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arm  is  in  right  position  (i.e.  arrow  is  pointing  towards  the 
thick  blue  line).  If  needed,  move  the  arm  back  into  position 
taking  care  to  stabilize  the  cannula  at  the  port  site. 

Next,  check  the  alignment  of  the  camera  port,  target 
anatomy  and  the  center  column  of  the  patient  cart. 

Now  check  the  instrument  arm  set-up.  Separate  the 
instrument  arms  to  maximize  the  range  of  motion  (Fig.  47.41). 

Check  the  set-up  joint  angles  to  minimize  potential 
collisions.  The  angle  at  the  set-up  joint  2  should  be 
approximately  90°  (Fig.  47.42).  Figure  47.43  depicts  the 
correct  method  of  docking  the  patient  cart. 

Endoscope  Insertion  and  Removal 

First,  insert  the  endoscope  into  the  cannula  keeping  the 
intuitive  logo  on  the  camera  head  facing  the  camera  arm. 
Place  the  body  of  the  endoscope  into  the  camera  arm  sterile 
adaptor  making  sure  that  the  body  of  endoscope  is  fully 
connected  (Fig.  47.44).  Give  it  a  gentle  turn  to  ensure  it  is 
locked  in  place. 

Next,  secure  the  camera  cable  using  the  camera  cable  clip 
and  drape  the  cable  across  the  instrument  arm  (Fig.  47.45). 

Push  the  endoscope  into  the  cannula  by  pressing  the 
camera  arm  clutch  button  till  it  is  past  the  cannula  tip  towards 
the  target  anatomy.  Press  the  clutch  button  again  to  lock 
the  camera  assembly  into  place. 

To  remove  the  endoscope,  remove  the  camera  cables 
from  the  clip  on  the  camera  arm.  Then  unlock  the  endoscope 
by  opening  the  two  latches  on  the  camera  arm  sterile 
adaptor.  Then  remove  the  endoscope. 

Instrument  Insertion 

Begin  by  straightening  the  instrument  tip.  Insert  the 
instrument  into  the  cannula  (Fig.  47.46).  Slide  the  instrument 


Fig.  47.41 :  Relative  positions  of  the  instrument  arms 


Fig.  47.42:  Right  angle  at  set-up  joint  2 


Incorrect  Correct 


Fig.  47.43:  Depiction  of  the  correct  method  of  docking  of  patient  cart 
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Fig.  47.44:  Endoscope  insertion  into  camera  arm  sterile  adaptor 
of  the  camera  arm 


Fig.  47.45:  Camera  cable  clip  highlighted 


housing  into  the  sterile  adaptor  (Fig.  47.47)  sandwitching 
the  instrument  housing  and  the  instrument  arm  between 
both  hands.  Press  the  arm  clutch  button  and  push  the 
instrument  into  the  surgical  field,  keeping  the  tip  under 
endoscopic  vision. 

If  there  is  any  resistance  while  inserting  the  instrument, 
one  should  stop  and  check  for  the  reason.  When  the  LED 
lights  turn  blue  (Fig.  47.48),  the  surgeon  can  take  control  of 
the  instrument  and  start  operating. 

Instrument  Removal  and  Guided  Tool  Change 

For  removing  the  instruments,  surgeon  should  straighten 
the  instrument  tip  and  open  the  jaws  of  the  instrument  to 
ensure  it  does  not  hold  any  tissue  (Fig.  47.49).  Then  press 


Fig.  47.46:  Inserting  the  instrument  into  the  cannula 


Fig.  47.48:  LED  turning  blue  indicating  proper  insertion 
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the  release  levers  on  the  instrument  housing  and  simply  pull 
off  the  instrument  (Fig.  47.50). 

Removal  of  the  instrument  should  be  done  with  utmost 
care  and  with  complete  knowledge  of  the  operating 
surgeon  so  as  to  prevent  any  inadvertent  injury  to  the 
tissues. 

Guided  Tool  Change 

This  feature  helps  in  aligning  a  new  instrument  in  the  same 
position  as  the  previous  one  removed.  It  adapts  the  replaced 
instrument  tip  just  short  of  the  position  of  previously  placed 
instrument  tip. 

When  this  feature  is  activated,  the  LEDs  on  the 
instrument  arm  alternately  blink  white  and  green  (Fig.  47.51). 
Just  push  the  instrument  with  one  finger  (Fig.  47.52)  and 
guided  tool  change  (GTC)  will  guide  it  into  correct  position. 
Stop  as  soon  as  you  encounter  any  resistance. 

This  function  is  disabled  when  there  is  a  change  in  the 
position  of  instrument  arm  during  changing  the  instrument. 
This  is  because  the  position  memory  of  the  instrument  arm 
is  reset  when  the  position  is  changed. 


Fig.  47.52:  Pushing  the  instrument  with  one  finger 

ROBOTIC  CHOLECYSTECTOMY 

Introduction 

In  general  surgery,  advanced  robotics  will  likely  find  its  place 
in  the  most  complex  laparoscopic  procedures  where  the 
enhanced  dexterity  and  superior  visualization  will  extend 
the  feasibility  of  the  minimally  invasive  approach,  particularly 
in  patients  requiring  advanced  suturing  and  precise  tissue 
dissection.  Robot-assisted  laparoscopic  cholecystectomy  is 
a  safe  and  effective  bridge  to  advanced  robotics  in  general 
surgery. 

Laparoscopic  cholecystectomy  is  a  prime  operation  with 
which  to  begin  robot  applications  for  several  reasons.  First, 
gallstone  disease  is  the  most  common  of  all  abdominal 
diseases  for  which  patients  undergo  a  laparoscopic 
procedure.  Moreover,  it  is  an  operation  with  a  very 
standardized  approach  to  prevent  complications.  This 
standardized  approach  has  an  added  advantage  of  having 
aspects  that  may  be  more  broadly  applied  to  other  more 
complex  minimally  invasive  operations.  For  example,  the 
dissection  of  the  Calot  triangle  is  analogous  to  dissection 
and  isolation  of  vasculature,  the  cystic  duct  and  artery  can 


Fig.  47.51 :  LED  blinking  alternately  white  and  green  indicating 
activation  of  guided  tool  change 


Fig.  47.50:  Pressing  the  levers  to  remove  the  instrument 
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be  tied  instead  of  using  clips,  and  removal  of  the  gallbladder 
from  the  gallbladder  fossa  requires  avascular  dissection  and 
the  appreciation  of  tissue  planes.  Therefore,  robotic 
cholecystectomy  may  allow  general  surgeons  to  acquire 
clinical  da  Vinci  experience  in  a  familiar  setting. 


Robotic  arm  2:  Right  midclavicular  line,  5  to  10  cm  below 
the  subcostal  margin. 

Robotic  arm  3:  10  cm  below  and  lateral  to  robotic  arm  2. 
(Optional,  some  surgeons  use  a  5/12  mm  assistant  port  rather 
than  a  robotic  arm  as  the  third  port) 


SEGMENTS  OF  ROBOTIC  CHOLECYSTECTOMY  DOCKING  AND  OPERATING  ROOM  SET-UP 


Segment  Operative  Tasks 

•  Skin  incision,  port  placement,  exploration,  adhesiolysis, 
patient  positioning,  and  robotic  arm  draping 

•  Positioning  of  da  Vinci,  docking  of  robot  arms  and  camera 

•  Initial  dissection  of  gallbladder  until  placement  into 
endoscopic  bag 

•  Gallbladder  extraction,  performance  of  additional 
procedures,  and  incision  closure. 

Preoperative  Preparation 

Indications  and  preoperative  preparation  is  similar  to 
conventional  laparoscopic  procedure.  An  informed  consent 
is  to  be  taken  from  the  patient  explaining  the  new  technology 
and  its  possible  complications.  A  prophylactic  dose  of 
intravenous  antibiotic  is  given  just  prior  to  commencement 
of  surgery. 

An  orogastric  or  nasogastric  tube  is  placed  prior  to 
creation  of  pneumoperitoneum  to  decompress  stomach. 
Sequential  compression  devices  placed  on  legs  for  DVT 
prophylaxis.  Footboard  is  placed  to  keep  patient  from  sliding 
off  table.  A  seatbelt  is  tied  at  midthigh  region. 


The  arms  are  draped  with  disposable  sterile  drapes.  The  patient 
cart  is  brought  over  the  patient’s  right  shoulder  (Fig.  47.54). 
This  implies  that  the  robot  is  located  behind  the  operating  field 


Patient  Position 


Fig.  47.53:  Port  positioning  (TA:  Target  anatomy) 


Patient  is  placed  in  a  supine  position  and  right  arm  is  tucked 
by  the  side  of  the  patient.  Standard  surgical  preparation  is 
done  from  nipple  line  to  thigh.  A  standard  protection  bar 
over  the  patient’s  head  may  easily  block  the  robotic  arms, 
giving  protection  to  the  head.  Convex  protection  shields  or 
bars  that  protect  the  patient’s  nose  and  the  ventilation  tube 
are  good  protection  for  robotic  assisted  surgical  interventions. 

Pneumoperitoneum  is  created  with  closed  (veress 
needle)  or  open  technique.  12  mm  camera  port  is  inserted 
at  the  umbilicus  which  should  be  around  20  cm  away  from 
the  target  anatomy  (cystic  pedicle).  A  diagnostic  laparoscopy 
is  done.  Then,  a  mild  left  tilt  of  the  table  is  done  with  reverse 
trendelenburg  position. 

Port  Position  (Fig.  47.53) 

Three  8  mm  da  Vinci  ports  are  inserted  at  least  10  cm  apart 
for  the  robotic  arm  placement.  The  remote  center  of  the 
ports  are  placed  at  the  level  of  abdominal  wall. 

Robotic  arm  1:  Left  midclavicular  line,  below  the  subcostal 
margin. 
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and  that  the  robotic  arms  cross  this  area  and  seem  to  work  in 
a  backward  direction.  The  center  column  of  the  robotic  cart 
acts  as  the  vertical  central  axis  of  the  robot.  This  column  should 
be  positioned  at  the  far  end  of  an  axis  running  from  the 
umbilicus  through  the  hilar  region  of  the  liver. 

The  patient  table  should  be  tilted  according  to  the 
surgeon’s  choice  before  docking.  Align  the  “sweet  spot”  for 
proper  camera  arm  positioning.  Align  the  clutch  button,  third 
set-up  joint  and  the  center  column.  Allow  45°  angle  between 
each  arm.  Dock  the  camera  arm  and  other  arms  to  the 
respective  ports.  Camera  and  the  instruments  are  placed  in 
the  ports. 

The  operating  room  set-up  is  shown  in  the  line  diagram 
below  (Fig.  47.55). 

OPERATIVE  TECHNIQUE 

Step  1  (Diagnostic  Laparoscopy  and  Port  Position) 

Patient  is  kept  in  supine  position.  Parts  cleaned  and  draped 
from  nipple  line  to  midthigh.  Pneumoperitoneum  is  created 
with  veress  needle  at  umbilical  position.  12  mm  camera 
port  is  inserted  at  the  umbilicus  using  optiview  cannula  (Fig. 
47.56). 

A  diagnostic  laparoscopy  is  done  and  gallbladder 
visualized  (Fig.  47.57). 

Patient  is  positioned  in  reverse  trendelenburg  position 
with  left  tilt.  Three  da  Vinci  8  mm  ports  are  inserted  under 
vision  as  per  the  guiding  principles  described  above  (Figs 
47.58  and  47.59). 


Fig.  47.55:  Operating  room  set-up  for  cholecystectomy 


Any  adhesiolysis  if  required  is  done  at  this  particular 
time  with  standard  laparoscopic  instruments. 

Step  2  (Docking  of  Robotic  Cart) 

Patient  cart  is  brought  over  the  right  shoulder  of  the  patient. 
Docking  of  camera  arm  is  done  first  followed  by  instrument 
arms.  The  principles  of  docking  are  kept  in  mind  and  system 


Fig.  47.56:  Camera  port  insertion  under  vision  with  0°  endoscope 
and  optiview  cannula 


Fig.  47.57:  Diagnostic  laparoscopy 


Fig.  47.58:  da  Vinci  port  placement  under  vision 
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Fig.  47.59:  Final  port  position  for  robotic  cholecystectomy 


Fig.  47.60:  Docking  the  camera  arm 


Step  4 

Hartmann’s  is  grasped  with  prograsp  forceps  (R2)  and 
Calot’s  triangle  dissected  with  Maryland  Endowrist 
instruments  (Rl).  Seven  degrees  of  freedom  in  the 


Fig.  47.61 :  Docking  the  instrument  cannula  to  the  instrument  arm 


Fig.  47.62:  Insert  the  instruments  under  endoscopic  vision 


check-up  is  done  after  docking  is  complete.  Instruments  are 
inserted  under  endoscopic  vision  Rl:  Maryland  dissector 
R2  and  R3:  Prograsp  forceps.  (Figs  47.60  to  47.62). 

Step  3 

Fundus  is  grasped  with  prograsp  forceps  (R3)  and  pushed 
towards  the  right  shoulder  of  the  patient  (Figs  47.63  and 
47.64) .  This  traction  is  constant  once  the  arm  is  locked  unlike 
in  laparoscopy  where  it  depends  on  the  expertise  of  the 
holding  assistant.  Care  should  be  taken  to  avoid  injury  to 
diaphragm  because  of  inadvertent  slippage  of  fundus  from 
the  grasper.  Due  to  lack  of  haptic  feedback  to  the  main 
surgeon,  it  can  go  unnoticed  and  cause  trauma  to 
diaphragm. 


Fig.  47.63:  Holding  the  fundus  with  Rl  Maryland  dissector  so  as 
to  enable  R3  grasping  forceps  to  retract  it 
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Endowrist  instruments  gives  a  distinct  advantage  in  this 
dissection  (Figs  47.65  to  47.69). 

Step  5 

Cystic  duct  and  artery  are  dissected  completely.  Clips  are 
applied  with  Endowrist  hemolock  clip  applicator  (Rl)  (Figs 
47.70  to  47.73). 

Step  6 

The  cystic  duct  and  artery  is  divided  with  the  Endowrist 
scissors  (Rl)  in  between  the  clips  (Figs  47.74  to  47.78).  The 
Endowrist  movements  enable  the  surgeon  to  cut  precisely 
in  the  direction  required. 

Step  7 

The  gallbladder  is  dissected  off  the  gallbladder  (GB)  fossa 
(Figs  47.79  and  47.80)  with  the  help  of  hook  electrode  with 
monopolar  cautery  (Rl).  The  Endowrist  function  of  the  hook 
provides  a  great  deal  of  versatile  movements  which  aid  in 
this  step  of  surgery. 


Step  8 

Just  before  taking  off  the  gallbladder  from  the  fossa,  it  is 
retracted  cephalad  and  the  GB  fossa  is  inspected  for  any 
bleed  or  bile  leak  (Fig.  47.81). 


Fig.  47.66:  Posterior  peritoneum  being  dissected  off  the  Calot’s 
triangle 


Fig.  47.65:  Hartmann’s  is  grasped  by  R2  and  Calot’s  being 
dissected  by  Maryland  in  Rl 


Fig.  47.68:  Cystic  duct  being  dissected  using  the  degrees  of 
freedom  of  the  Maryland  dissector 
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Fig.  47.69:  Window  made  posterior  to  cystic  duct 


Fig.  47.73:  Third  clip  being  applied 


Fig.  47.70:  Clip  being  applied  by  robotic  clip  applicator.  The  Fig.  47.74:  Cystic  duct  being  divided  with  scissors 

degrees  of  freedom  can  be  used  for  optimum  clip  application 


Fig.  47.71 :  Clip  applied  to  cystic  duct 


Fig.  47.75:  Cystic  duct  divided 


Fig.  47.72:  Second  clip  being  applied 


Fig.  47.76:  Cystic  artery  dissected 
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Fig.  47.77:  Clip  applied  on  cystic  artery 


Fig.  47.78:  Cystic  artery  being  divided  with  Endowrist  hook 


Fig.  47.79:  Dissection  of  GB  off  GB  fossa  commenced 


Step  9 

The  R3  arm  is  undocked  and  endobag  is  inserted  by  the 
patient  side  assistant  surgeon  using  standard  laparoscopic 
grasper.  Any  suction/irrigation  can  also  be  done  by  the 
assistant  surgeon  by  undocking  R3.  Gallbladder  is 
placed  in  the  endobag  and  extracted  out  (Figs  47.82 
and  47.83). 


Fig.  47.80:  Dissection  done  in  avascular  plane 


Fig.  47.81:  Inspection  of  GB  fossa 


Fig.  47.82:  Gallbladder  placed  in  endobag 


Step  10 

Check  for  hemostasis  and  clip  position.  Remove  instruments 
and  ports  under  vision.  Incisions  are  closed  in  layers. 

DISCUSSION 

Laparoscopic  cholecystectomy  for  treatment  of  biliary  colic 
is  a  relatively  straightforward,  routine  procedure.  It  will  be 
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difficult  to  defend  the  use  of  a  highly  developed  and 
expensive  surgical  tool  that  requires  additional  time  for 
preparation  and  larger  incisions  for  the  trocars,  especially 
while  advantages  of  such  tools  are  hard  to  prove  for  this 
specific  procedure. 

There  are  two  situations  in  which  robotics  can  be  applied 
to  this  particular  procedure: 

1.  Complicated  gallstone  disease,  like  acute  cholecystitis, 
CBD  exploration  or  choledochoenterostomy. 

2.  Ideal  learning  and  teaching  environment  for  gastro¬ 
intestinal  robot  assisted  surgery. 

Advantages 

Robotic  instruments  clearly  provide  superiority  in  some 
aspects  of  the  surgery.  The  increased  degrees  of  freedom 
(wrist  action)  allow  the  surgeon  to  easily  reach  behind 
structures  and  negotiate  difficult  surgical  angles.  The 
ergonomics  of  the  operating  surgeon  can  be  significantly 
improved  by  operating  in  the  sitting  position  and  facing 
directly  forward  toward  the  3D  operative  image.  These  can 
be  of  value  in  cases  of  acute  and  chronic  cholecystitis,  where 
vision  is  impaired  by  inflammation,  where  there  is  an 
increased  tendency  for  diffuse  bleeding  in  the  dissection  field, 
and  edema  and  fibrosis  make  the  dissection  difficult. 

By  adjusting  movement  scaling,  surgeon  tremor  can  be 
significantly  reduced;  thereby,  increasing  operative  precision. 
The  translation  of  the  surgeon’s  hand  and  wrist  movements 
is  reliable  and  can  be  scaled  down  to  improve  precision 
and  increase  steadiness. 

Limitations 

There  is  a  need  for  more  variety  in  type  and  size  of  robotic 
trocars.  The  robotic  arms  are  bulky,  taking  up  significant 
space  and  limiting  the  capability  of  the  surgical  assistant. 
Furthermore,  the  da  Vinci  system  is  not  attached  to  the 
operating  table,  so  the  position  of  the  table  cannot  be 


changed  without  undocking  the  instrument  and  camera.  The 
robotic  arms  lack  haptic  feedback,  so  the  surgeon  must  rely 
on  visual  cues  to  avoid  stretching  and  damaging  tissue  or 
suture.  Financially,  surgical  robotic  systems  remain  quite 
expensive  and  are  associated  with  significant  operating  cost. 
Current  robotic  systems  and  instrumentation  are  still 
considered  to  be  first  generation  and  should  improve  as  the 
technology  evolves. 

Conclusion 

Robotic  cholecystectomy  is  feasible  and  safe.  There  is  a 
significant  learning  curve  (around  20-30  cases)  to  gain 
experience  for  setting-up  the  robotic  instrumentation,  which 
appears  to  be  much  less  steep  for  the  actual  use  of  the 
machine. 

It  is  unlikely  that  robotic  cholecystectomy  will  be  routinely 
performed  in  the  near  future.  Further  studies  are  needed  to 
identify  the  benefits  to  the  patient  and  compare  it  to  the 
additional  cost  of  robotic  cholecystectomy  before  routine 
application  of  this  technique  can  be  justified.  However, 
robotic  cholecystectomy  may  prove  its  value  in  cases  of 
complex  gallstone  disease  and  is  an  excellent  procedure  for 
teaching  the  basics  of  robotic  surgery. 

ROBOTIC  CORONARY  BYPASS  SURGERY 

Four  ports  are  used  and  robotic  arm  is  introduced.  One  of 
the  arms  contains  telescope  which  sends  12  to  15  times 
magnified  clear  image  on  the  monitor.  Another  arm  is  for  a 
stabilizer  which  is  used  to  hold  the  diseased  coronary  artery 
in  place  while  bypass  is  performed.  The  other  two  remaining 
right  and  left  instrument  is  used  to  perform  microvascular 
anastomosis.  Currently  robotic  coronary  bypass  surgery 
should  be  considered  only  for  the  patient  who  have  single 
vessel  disease  but  in  near  future  we  have  hope  to  perform 
double  or  even  triple  bypass  surgery  (Fig.  47.84). 

The  attached  instruments  are  controlled  by  the  surgeon, 
who  sits  at  an  adjacent  console.  Several  passive  mechanical 
devices,  primarily  used  to  hold  the  telescope,  have  been 
developed  as  assistants  for  general  laparoscopic  surgery. 
They  successfully  reduce  the  stress  on  the  surgeon  by 
eliminating  the  inadvertent  movements  of  a  human  assistant, 
which  can  be  distracting  and  disorienting. 

More  and  more  surgeries  from  prostate  to  heart  are  being 
performed  by  doctors  remotely  guiding  robotic  arms.  In  such 
procedures,  the  surgeon’s  hands  never  enter  the  patient. 
After  the  initial  incisions  are  made,  robotic  arms  wielding  a 
tiny  camera  and  surgical  tools  make  the  snips,  stanch  the 
blood  flow,  and  sew  up  inside  when  all  is  done.  The  surgeon 
sits  at  a  console  usually  in  the  operating  room,  although  the 
technology  would  allow  a  doctor  to  operate  on  a  patient  on 
the  other  side  of  the  world  peering  into  binocular  like  lenses 
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Fig.  47.84:  Instruments  used  by  the  da  Vinci  surgical  system 


at  views  provided  by  the  camera  inside  the  patient.  The 
doctor  guides  the  robot’s  work  by  twisting  his  wrists  in  stirrup¬ 
like  handles,  moving  his  thumb  and  forefinger  in  scissor- 
like  loops,  or  tapping  foot  pedals  to  focus  the  camera  or 
move  a  robotic  arm. 

ROBOTIC  PROSTATECTOMY 

The  most  common  robotic  surgery  is  radical  prostatectomy. 
Its  use  has  grown  from  just  1,500  procedures  in  2000  to 
an  estimated  20,000  last  year.  More  than  8,000  prostate 
glands  were  removed  robotically  last  year,  up  from  36  in 
2000.  The  procedure  accounted  for  more  than  10  percent 
of  the  75,000  prostatectomies  done  in  2004.  Busy 
professionals  like  the  fact  that  they  can  be  out  of  the  hospital 
in  a  day,  vs.  two  or  three  for  open  surgery,  and  resume 
normal  activities  in  one  week  rather  than  six.  Cutting  nerves 
around  the  prostate  can  lead  to  incontinence  or  impotence, 
so  precision  is  important.  Between  25  and  60  percent  of 
conventional  prostatectomy  patients  suffer  from 
postoperative  impotence.  Small  studies  of  robotic  surgery 
have  shown  at  least  a  short-term  benefit  in  terms  of 
impotence  and  incontinence. 

Not  every  patient  is  a  candidate.  Complicated  cases  when 
the  patient  is  very  sick,  needs  multiple  procedures,  or  has 
had  previous  chest  surgery  are  not  suited  to  robotics.  Nor 
can  a  heart  transplant  or  artificial  heart  implant  be  done  this 
way.  If  the  complication  arises,  the  patient  may  wind-up  being 
opened.  So  patients  who  want  robotics  smaller  scars  and 
quicker  recovery  times  will  need  to  ask  hard  questions.  Find 
out  how  many  times,  the  procedure  you  need  has  been  done 
robotically  and  what  the  advantages  and  disadvantages  are. 
Just  as  important,  ask  how  many  robotic  surgeries,  the  doctor 
who  will  do  yours  has  performed.  In  real  life,  you  want  the 
force  of  experience  to  be  with  you. 


Fig.  47.85:  Comparison  between  open  and  da  Vinci 
prostatectomy 

For  qualified  candidates,  the  robotic  prostatectomy  offers 
numerous  potential  benefits  over  the  traditional  open 
prostatectomy,  including  (Fig.  47.85): 

•  Shorter  hospital  stay 

•  Less  pain 

•  Less  risk  of  infection 

•  Less  blood  loss  and  transfusions 

•  Less  scarring 

•  Faster  recovery 

•  Quicker  return  to  normal  activities. 

While  still  a  technology  that  is  in  its  infancy,  the  use  of 
robots  to  assist  in  surgery  is  becoming  more  and  more 
widespread.  There  are  now  large  case  series  reported  in  the 
literature  that  show  possible  benefits  to  the  patient  in  terms 
of  recovery  from  such  surgeries  as  prostate  and  cardiac 
procedures.  Additionally,  as  these  systems  continue  to 
develop,  improved  technology  and  software  provide  the 
surgeon  with  “assistance”  that  improves  precision  and 
accuracy  (Figs  47.86A  to  D). 

Robotic  technology  requires  a  tremendous  financial 
investment,  so  you  might  not  see  it  at  every  community 
hospital  in  the  near  future.  However,  as  with  all  technology, 
the  price  will  likely  fall  quickly  as  the  applications  are 
expanded,  as  more  widespread  adoption  occurs,  and  as 
the  field  of  robotics  experiences  additional  breakthroughs. 
For  now,  many  major  academic  institutions  are  beginning 
to  purchase  and  deploy  these  systems. 

Technology  allows  amazing  things  to  be  accomplished. 
Robotic  surgery  is  a  new  and  expensive  tool  that  is  beginning 
to  see  adoption.  Minimally  invasive  surgery  with  a  robot 
and  without  bypass  is  the  next  logical  step  in  the 
development  of  cardiac  surgery.  It  is  beginning  to  show  clear 
benefits  for  patients  and  this  means  that  it  will  likely  become 
more  and  more  popular  with  time  and  as  the  price  falls. 
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Figs  47.86A  to  D:  Robotic  assisted  nephrectomy 


Robotic  Versus  Laparoscopic  Prostatectomy 

In  laparoscopy,  the  surgeon  uses  long  instruments  through 
small  openings  and  maneuvers  them  with  direct  hand 
contact.  Robotic  systems  use  even  more  delicate  instruments 
that  possess  two  additional  degrees  of  movement  excursion 
(for  a  total  of  six,  as  with  a  human  hand).  Comfortably  seated 
at  the  robot  console,  the  surgeon  can  maneuver  the 
instruments  via  a  computer  interface. 

Laparoscopic  radical  prostatectomy  is  associated  with  a 
steep  learning  curve.  Even  in  the  hands  of  expert  surgeons, 
laparoscopic  radical  prostatectomy  requires  extensive 
learning;  approximately  40  cases  are  needed  to  master  this 
technique.  In  contrast,  the  learning  of  robotic  prostatectomy 
seems  to  be  more  intuitive  and  less  demanding. 

Robotic  prostatectomy  is  a  safe,  effective  and  reproducible 
technique  for  removing  the  prostate.  In  most  patients,  it  can 
be  performed  within  one  and  a  half  to  two  hours  with  minimal 
blood  loss  and  few  complications.  The  procedure  incorporates 
principles  of  both  laparoscopic  and  open  radical 
prostatectomy.  The  patients  enjoy  benefits  of  surgical 


treatment  in  the  setting  of  less  invasion,  minimal  pain,  limited 
blood  loss  and  early  functional  and  overall  recovery. 
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Transanal  Endoscopic  Microsurgery 


Transanal  endoscopic  microsurgery  (TEM)  was  developed 
by  Professor  Gerhard  Buess  from  Tuebingen,  Germany  and 
it  became  available  for  widespread  use  in  1983  (Fig.  48.1). 
A  surgeon's  ability  to  remove  rectal  lesions  transanally  is 
limited  by  access  and  exposure,  with  conventional 
instruments  usually  restricting  the  surgeon  to  the  distal  six 
to  seven  centimeters  of  rectum.  When  transanal  excision  is 
not  possible,  the  traditional  transabdominal  approach,  a 
major  surgical  procedure  is  necessary.  Transanal  endoscopic 
microsurgery  (TEM),  with  its  longer  reach  and  enhanced 
visibility  of  the  entire  rectum,  extends  the  boundaries  of 
transanal  surgery,  giving  appropriately  selected  patients  a 
minimally  invasive  surgical  option  with  a  faster  and  virtually 
pain-free  recovery. 

Transanal  endoscopic  microsurgery  (TEM)  allows  for 
local  excision  of  rectal  neoplasm  with  greater  exposure  than 
transanal  excision  and  less  morbidity  than  transabdominal 
approaches.  Supporters  of  the  TEM  technique  praise  the 
excellent  exposure  of  the  rectum  and  the  minimal 
invasiveness,  as  opposed  to  conventional  surgical 
techniques.  The  arrival  of  TEM  was  associated  with  an 
increase  in  the  number  of  operations  for  rectal  cancer; 
however,  the  use  of  TEM  remained  constant  relative  to 
radical  resections.  Use  of  TEM  resection  alone  is  appropriate 
for  all  adenomas  and  cancers  staged  Tis  and  Tl.  Use  of 
TEM  alone  is  not  an  appropriate  treatment  for  T2  cancers. 

Local  excision  of  rectal  neoplasms  is  an  accepted  method 
of  treating  selected  lesions  and  can  be  accomplished  through 
either  a  transanal  approach  or  a  posterior  proctotomy.  The 
former  is  hindered  by  poor  exposure  and  visibility  of  lesions 
in  the  middle  and  upper  rectum.  While  the  latter  approach 
does  give  somewhat  improved  exposure  of  these  more 
cephalad  tumors,  it  may  be  complicated  by  fecal  fistulae  or 
sphincter  impairment.  Transanal  endoscopic  microsurgery 
(TEM)  has  emerged  as  a  better  technique  for  removing 
lesions  in  the  middle  and  upper  rectum,  and  it  obviates  the 


need  for  a  posterior  proctotomy.  Furthermore,  the  transanal 
rectoscope  extends  the  boundaries  of  transanal  surgery  by 
providing  access  to  lesions  previously  inaccessible  with 
conventional  means.  The  net  result  is  an  operative  approach 
to  rectal  lesions  that  is  not  hindered  by  the  poor  exposure 
and  limited  reach  associated  with  conventional  retractors. 

Virtually  any  adenoma  of  any  size  or  degree  of 
circumferential  involvement  can  be  removed  with  TEM. 
Adenomas  are  removed  with  a  5  mm  margin  of  normal 
mucosa,  and  dissection  is  undertaken  in  the  submucosal 
plane.  For  large  adenomas  or  those  that  have  firm  areas 
within  them  or  previous  histological  evidence  of  atypia  or 
dysplasia,  the  risk  of  harboring  an  occult  cancer  is  increased; 
for  such  lesions,  it  is  generally  recommended  that  a 
fullthickness  excision  be  performed.  Other  benign  indications 
for  TEM  include  transrectal  rectopexy  for  prolapse,  for  which 
there  has  been  limited  experience  to  date,  and  correction  of 
anastomotic  strictures  by  stricturoplasty. 


Fig.  48.1 :  Inventor  of  TEM  technology 
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INDICATIONS  OF  TRANSANAL  ENDOSCOPIC 
MICROSURGERY 

Benign 

•  Rectal  polyps 

•  Carcinoid  tumors 

•  Retrorectal  masses 

•  Anastomotic  strictures 

•  Extrasphincteric  fistulae 

•  Pelvic  abscesses 

Malignant 

•  Malignant  rectal  polyps 

•  T1-T2  rectal  cancer 

•  Palliative  excision  of  T3  cancer 

INSTRUMENTS 

The  basic  TEM  instrumentation  includes  the  combined 
endosurgical  unit,  which  regulates  carbon  dioxide  insufflation, 
saline  irrigation,  and  suction.  The  rectoscope  is  40  mm  in 
diameter  and  is  available  in  lengths  of  12  and  20  cm 
(Fig.  48.2).  Once  the  rectoscope  is  inserted  to  the  desired 
location  within  the  rectum,  it  is  secured  to  the  operating 
room  table  with  a  double  ball-and-socket  supporting  arm 
(Figs  48. 3A  and  B).  During  the  dissection,  the  supporting 
arm  is  moved  frequently  to  maintain  direct  visibility  of  the 
lesion.  The  end  of  the  rectoscope  is  sealed  with  an  airtight 
face  piece  that  has  5  entry  ports.  These  ports,  in  turn,  are 
sealed  by  rubber  caps  and  sleeves  so  that  the  various 
instruments  necessary  for  the  dissection  can  be  inserted. 
One  of  the  big  advantages  of  TEM  is  binocular  vision  (Figs 
48.4  and  48.5).  The  binocular  stereoscopic  eyepiece  is 
inserted  through  one  of  the  ports,  and  it  has  an  accessory 


scope  for  video  hook-up.  The  various  instruments  needed 
are  suction  catheter,  a  needle-tipped  high-frequency 
electrical  knife,  tissue  graspers  that  are  oriented  to  either 
the  right  or  left,  scissors,  and  a  needle  holder.  The  suction 
catheter,  tissue  graspers,  and  needle-tipped  knife  can  all  be 
connected  to  the  cautery  unit,  which  greatly  facilitates  control 
of  hemorrhage  and  coagulation  of  bleeding  vessels  (Figs 
48.6  to  48.8). 

PATIENT  POSITIONING  IN  TRANSANAL 
ENDOSCOPIC  MICROSURGERY 

Position  of  lesion  determines  positioning  of  patient  on  the 
operating  room  table  (Figs  48.9A  to  D).  The  patient  should 
be  positioned  in  such  a  way  that  the  lesion  should  be  made 
to  be  in  the  6  O'clock  position  for  the  operator  (Fig.  48.10). 


Fig.  48.2:  40  mm  proctoscope 


Figs  48.3A  and  B:  Stereoscope  used  in  TEM 
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Fig.  48.5:  Stereoscopic  vision  in  TEM 


The  position  of  the  patient  in  the  operating  room  is 
dependent  on  tumor  location.  Since  the  bevel  of  the 
rectoscope  must  face  downward,  patients  with  anterior 
lesions  are  placed  in  the  prone  position,  whereas  patients 
with  posterior  lesions  are  placed  in  the  lithotomy  position. 
Patients  with  lateral  lesions  are  placed  accordingly  into  the 
appropriate  decubitus  position. 


Fig.  48.6:  Fine  curve  tipped  instruments  for  TEM 


Fig.  48.7:  Needle  holders  and  electrosurgical 
instruments  used  in  TEM 


Fig.  48.8:  Insufflator  used  in  TEM 
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Figs  48.9A  to  D:  Positioning  of  patient  for  TEM 


Fig.  48.10:  Patient  position  for  lesion  at  right  lateral  position 


TRANSANAL  ENDOSCOPIC  MICROSURGERY 
PROCEDURES  (FIGS  48.11  TO  48.15) 

Properly  selected  rectal  cancers  can  also  be  removed  with  TEM; 
for  such  lesions,  a  1  cm  margin  of  normal  tissue  surrounding 
the  lesion  should  be  obtained.  A  full-thickness  excision  is 
mandatory  to  accurately  stage  the  depth  of  penetration  and 
unpredictable  in  its  location.  Transanal  endoscopic 
microsurgery  is  a  safe  technique,  and  having  low  number 
of  complications;  however,  this  procedure  is  not  a  license 
to  disregard  established  criteria  for  local  excision  of  cancers. 
The  exceptions  to  this  may  be  tumor  size  and  location.  With 
its  superior  optics,  constant  rectal  distention,  and  longer 
instrument  casing,  TEM  is  not  limited  to  small,  distally  located 
lesions.  Because  of  the  magnification  capabilities  of  the  TEM 
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Figs  48.11  A  to  D:  Setting  us  instruments  in  TEM  to  start  procedure 


Fig.  48.12:  Resected  tissue  through  TEM 


Fig.  48.13:  Marking  of  margin  of  tissue  in  TEM 


equipment — about  30  times  greater  than  normal — we  are 
better  able  to  visualize  the  lesion  and  get  very  good  margins. 
This  minimizes  the  chances  of  the  patient  needing  a 


colostomy,  which  can  sometimes  result  with  open  surgery, 
even  with  benign  lesions.  One  may  argue  that  cancers  within 
the  middle  and  upper  rectum  should  all  be  treated  with  low 
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Fig.  48.14:  Excision  of  malignant  tissue  in  TEM 


Fig.  48.15:  Suturing  in  TEM 


shrinking  tumors,  or  even  inducing  a  complete  remission, 
TEM  may  have  an  increased  role.  However,  this  remains  to 
be  seen  and  can  only  be  answered  with  further  studies. 

Data  presented  at  the  annual  meeting  of  the  American 
Society  of  Colon  and  Rectal  Surgeons  last  July  also  suggests 
that  TEM  offers  certain  advantages  over  the  more  standard 
procedure.  In  a  retrospective  study  that  compared  transanal 
excision  with  TEM  for  both  benign  and  malignant  rectal 
masses,  the  TEM  procedure  was  much  more  likely  to  result 
in  a  complete  resection  and  yield  negative  margins 
compared  with  transanal  excision  (88  vs  71%).  This  was 
true  whether  the  lesion  was  benign  or  malignant.  It  was  also 
more  likely  to  produce  an  intact,  non-fragmented  specimen 
compared  with  transanal  excision  (94  vs  63%),  making  it 
easier  for  pathological  evaluation. 


The  rate  of  recurrence,  both  local  and  distant,  was  also 
lower  in  patients  who  had  undergone  TEM  compared  with 
transanal  excision  (5  vs  25%).  This  was  particularly  true  for 
rates  of  local  recurrence,  which  were  significantly  lower  for 
both  benign  and  malignant  lesions  following  TEM  (4  vs  20%) . 
The  rate  of  complications  was  similar  between  both  groups. 

COMMON  COMPLICATIONS 

•  Perforation  of  intraperitoneal  rectal  wall — unable  to  close 
using  TEM  in  3.9  percent 

•  Required  LAR  or  diversion  (1  patient) 

•  Early  mild  incontinence/soiling  in  2.6  percent  resolved 
by  10  weeks. 

CONCLUSION 

The  cost  of  the  TEMS  equipment  must  be  mentioned.  The 
capital  outlay  of  more  than  $50,000  is  considerable. 
However,  this  is  offset  by  several  factors.  There  is  no  doubt 
that  some  surgeons  will  argue  about  how  many  patients 
have  rectal  lesions  that  are  definitely  reachable  only  with 
the  TEMS  system.  These  patients  are  clearly  saved  a 
transabdominal  rectal  excision  and  realize  a  very  significant 
cost  saving.  In  addition,  there  are  no  disposable  costs  per 
case,  and  the  equipment  is  robust,  requiring  minimal 
maintenance  (our  own  system  is  now  10  years  old).  The 
imaging  stack  is  compatible  with  the  laparoscopic  surgical 
system  available  in  most  operating  suites.  However,  in  view 
of  the  limited  number  of  patients  undergoing  a  TEMS  in  a 
tertiary  referral  center,  we  believe  that  this  is  not  a  suitable 
approach  for  every  colorectal  unit  and  suggest  that  only 
larger  centers  would  have  enough  patients  to  justify  the  costs. 
TEM  is  appropriate  for  a  very  specific  patient  population 
that  includes  patients  with  rectal  benign  or  early  cancer  with 
no  lymph  node  involvement.  However,  in  this  setting,  the 
benefits  are  such  that  this  technique  has  a  rightful  place  as 
part  of  the  colorectal  surgeon's  operative  armamentarium. 
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Future  of  Minimal  Access  Surgery 


MINIMAL  ACCESS  TECHNIQUES 

Established 

•  Laparoscopic  cholecystectomy 

•  Diagnostic  laparoscopy 

•  Laparoscopic  appendicectomy 

•  Laparoscopic  Nissen  fundoplication 

•  Laparoscopic  (or  thoracoscopic)  Heller’s  myotomy 

•  Laparoscopic  adrenalectomy 

•  Laparoscopic  splenectomy 

•  Thoracoscopic  sympathectomy 

•  Laparoscopic  rectopexy. 

Under  Evaluation 

•  Laparoscopic  hernia  repair 

•  Laparoscopic  colectomy 

•  Laparoscopic  nephrectomy  for  living  related  donor 
transplant 

•  Parathyroidectomy  (guided  with  hand  held  gamma  probe) 

•  Laparoscopic  repair  of  duodenal  perforation. 

Prospects 

•  Sentinel  node  biopsy 

•  Hepatic  resection 

•  Gastrectomy. 

The  future  laparoscopic  technology  includes  three- 
dimensional,  virtual  reality,  and  HDTV.  HDTV  expands  the 
scanning  rate  from  525  lines  of  resolution  to  1000  or  1200 
lines  per  frame  and  the  quality  of  picture  would  be  twice 
better  than  existing  system. 

With  virtual  reality,  a  three-dimensional  computer  image 
is  presented  through  liquid  crystal  glasses. 

The  future  of  three-dimensional  images  is  not  far  away 
and  many  instrument  companies  have  prototype  in  the  field 
(Fig.  49.1). 


Laparoscopic  surgery  is  growing  in  such  a  speed  that 
3D  image  projection  system  is  going  to  replace  the 
conventional  monitor  in  near  future  and  surgeon  will  get  a 
virtual  image  in  air  just  above  the  body  of  patient.  This  new 
projection  system  will  abolish  all  the  limitation  of  current 
two-dimensional  images  without  depth  perception. 

NATURAL  ORIFICE  TRANSLUMINAL 
ENDOSCOPIC  SURGERY 

Over  the  past  10  years,  the  major  drive  in  surgery  has  been 
the  development  and  application  of  minimal  access 
approaches  to  traditional  operations.  This  philosophy  has 
crossed  all  surgical  specialties  and  has  had  a  major  impact 
on  training,  technological  developments,  and  patient  care. 

In  general  surgery,  the  emphasis  has  been  on 
laparoscopic  techniques,  which  can  now  be  applied  to  the 
majority  of  intra-abdominal  procedures.  Evidence  suggests 


Fig.  49.1:  Hologram  projection  system 
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that  the  reduction  in  trauma  to  the  abdominal  wall  and  the 
physiology  of  the  pneumoperitoneum  has  a  positive  impact 
on  patients  undergoing  abdominal  operations. 

Although  still  not  widely  applied,  these  techniques  have 
put  surgeons  on  notice  that  flexible  endoscopy  may  become 
an  important  component  of  their  practice. 


Surgeons  have  gone  beyond  the  luminal  confines  of  the 
gastrointestinal  tract  to  perform  intra-abdominal  procedures. 
With  existing  flexible  endoscopic  instrumentation,  the  wall 
of  the  stomach  is  punctured  and  an  endoscope  is  advanced 
into  the  peritoneal  cavity  to  perform  various  procedures; 
thus  far,  the  use  of  this  technique  for  diagnostic  exploration, 


Figs  49.2A  to  F:  Transvaginal  cholecystectomy 


Figs  49.3A  to  C:  Introduction  of  operative  endoscope  through  the  vaginal  orifice 


liver  biopsy,  cholecystectomy,  splenectomy,  and  tubal 
ligation  has  been  reported  in  animal  models.  Recently 
transvaginal  endoscopic  cholecystectomy  is  performed  in 
France  (Figs  49.2A  to  F). 

After  the  intervention  is  finished,  the  scope  is  pulled  back 
into  the  stomach  and  the  puncture  closed.  Several  videos 
have  been  shown  at  scientific  meetings  that  suggest  that  at 
least  transgastric  appendectomy  has  been  performed  in 
humans.  Other  natural  orifices,  such  as  the  anus  or  vagina, 
also  allow  access  to  the  peritoneal  cavity  (Figs  49.3A  to  C). 
Although  in  its  infancy,  the  performance  of  Natural  Orifice 
Transluminal  Endoscopic  Surgery  (NOTES)  may  thus  further 
revolutionize  the  field  of  abdominal  surgery. 

Obvious  questions  are  raised  by  the  possibilities  of 
NOTES: 

•  Is  there  any  clinical  advantage  to  avoiding  incisions  in 
the  abdominal  wall?  Can  the  visceral  wall  be  closed  safely 
and  reliably? 


•  Do  the  flora  of  the  natural  orifice  lead  more  to  peritoneal 
infection? 

•  Who  should  perform  these  procedures,  and  how  should 
the  individuals  be  trained  in  NOTES? 

Society  of  American  Gastrointestinal  and  Endoscopic 
Surgeons  (SAGES)  and  gastroenterologists  from  the  American 
Society  of  Gastrointestinal  Endoscopists  (ASGE)  held  a  summit 
meeting  to  build  a  conceptual  framework  for  the  initial  safe 
application  of  NOTES  procedures.  It  was  acknowledged  that 
the  development  of  NOTES  further  blurred  the  lines  between 
the  traditional  boundaries  of  GI  surgeons  and  endoscopists. 
Several  broad  concepts  and  principles  were  agreed  upon  and 
will  soon  be  published  in  detail  in  a  white  paper. 

Safe  Application  of  NOTES 

The  concepts  included  the  following:  Initially,  NOTES  should 
be  performed  by  a  team  of  experienced  laparoscopic 
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surgeons  and  interventional  endoscopists  in  an  operating  room. 
Clinical  procedures  should  be  done  under  Institutional  Review 
Board  supervision  and  entered  into  a  prospective  outcomes 
database.  Basic  research  is  needed  to  assess  the  physiologic 
alterations  caused  by  the  visceral  puncture  and  the  bacteriology 
of  the  peritoneal  cavity  following  transluminal  interventions. 
Collaboration  with  industry  is  critical  to  the  development  of 
effective  instruments  allowing  traction/countertraction  and  stable 
optical  platforms,  as  well  as  the  means  to  control  hemostasis, 


securely  close  the  visceral  wall,  and  perform  suturing  functions 
and  gastrointestinal  anastomoses. 

The  roots  of  NOTES  have  been  established  but  work  is 
still  needed  to  refine  techniques,  verify  safety,  and  document 
efficacy.  With  continued  research,  NOTES  may  prove  to  be 
a  sound  method  with  clinical  benefit  to  patients.  Appropriate 
scientific  scrutiny,  collaboration  among  gastrointestinal 
interventionalists,  and  effective  means  of  training  for  these 
techniques  will  be  critical  on  emerging  technologies. 
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Troubleshooting  and  Checklist 


What  would  you  do  if  the  following  situations 

occurred  during  a  laparoscopic  surgery? 

The  field  turns  pink  or  yellow 

•  White  balancing  may  not  be  initially  before  inserting  the 
telescope  into  the  abdomen.  White  balance  the  camera 
should  be  done  after  withdrawing  it. 

•  There  may  be  wrongly  connected  RGB  cable.  The  RGB 
cable  should  be  checked  for  proper  connection. 

•  Low  voltage  can  sometimes  alter  the  color. 

•  Bile  or  blood  spillage  may  turn  the  field  pink  or  yellow 
due  to  staining  of  field.  The  inadvertent  injury  to  bowel 
and  spillage  of  bowel  content  may  cause  the  field  to 
turn  yellow. 

Sudden  blackout 

•  The  cause  of  sudden  blackout  may  be  due  to  fused  bulb 
of  light  source.  Switch  of  light  source  should  be  turn  to 
use  backup  bulb. 

•  There  may  be  disconnected  camera  or  monitor  cable  or 
the  fuse  of  camera  blown  due  to  fluctuation  in  voltage. 
The  fuse  and  connection  of  camera  and  monitor  should 
be  checked. 

•  The  tip  of  the  telescope  may  be  touching  any  object 
completely  so  there  is  no  way  for  light  to  come  out.  The 
telescope  should  be  repositioned. 

Poor  definition  of  picture 

•  The  poor  picture  may  be  due  to  soiled  lens  with  blood 
or  other  body  fluids.  It  should  be  cleaned  with  warm 
water. 

•  The  camera  may  not  be  white  balanced  or  focused 
properly.  The  fine  tuning  of  camera  should  be  tried.  The 
proper  white  balance  of  camera  is  necessary  to  get  a 
good  quality  picture.  White  balancing  of  camera  should 


be  done  by  placing  the  telescope  6  cm  away  from  a 
complete  white  gauge  piece  or  tissue  paper. 

•  Excessive  blood  in  the  operative  field  resulting  in 
absorption  of  light  and  poor  field  is  one  of  the  causes  of 
poor  vision  of  operating  field.  Proper  irrigation  and 
suction  should  be  tried  to  get  a  clear  view. 

What  action  would  you  take  to  control  marked 

intra-abdominal  bleeding  from  a  trocar  site? 

For  immediate  control 

•  With  inserted  trocar,  pressure  should  be  applied  on  the 
bleeding  site  either  from  outside  or  using  a  pledget  from 
within  under  vision. 

•  A  Foley’s  catheter  can  be  inserted  and  the  balloon  can 
be  inflated  and  pulled  up  creating  a  tamponade  effect. 

•  A  purse  string  suture  can  be  taken  around  the  incision 
of  trocar  and  tightened  to  check  the  bleeding. 

•  A  clamp  can  be  applied  to  the  port  site  till  the  bleeding 
is  controlled. 

For  more  permanent  control 

•  The  bleeding  vessel  can  be  sutured  from  within  under 
vision  or  controlled  with  diathermy,  or  a  full  thickness 
bite  can  be  taken  externally  at  the  region  of  the  bleeding 
vessel. 

•  The  incision  can  be  extended  and  the  vessel  can  be  found 
by  proper  debridement  and  then  bleeding  vessel  should 
be  ligated. 

What  action  would  you  take  if  trocar  injury  to  a 
large  vessel  occurs? 

•  The  trocar  should  be  left  in  place.  The  adequate 
resuscitative  measures  should  be  taken  (like  blood  should 
be  at  hand  for  the  transfusion). 
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•  Urgent  laparotomy  should  be  performed  and  repair  of 
the  vessel  with  adequate  exposure  should  be  done. 

•  The  help  of  a  vascular  surgeon  should  be  asked. 

What  would  you  do  following  a  sudden  collapse  of 
the  patient  during  an  endoscopic  procedure? 

Possible  causes  for  the  collapse  could  be: 

•  Vasovagal  shock  due  to  peritoneal  irritation. 

•  C02  embolism  either  by  direct  entry  of  gas  into  vessel 
or  through  absorption. 

•  Hypercarbia  due  to  systemic  C02  absorption  results  in 
respiratory  acidosis,  pulmonary  hypertension  leading  to 
cardiac  dysrhythmia. 

•  Arrhythmias:  AV  dissociation,  junctional  rhythm,  sinus 
bradycardia  and  asystole  due  to  vagal  response  to 
peritoneal  stretching. 

Insufflation  should  be  stopped  and  abdomen  should  be 
deflated.  The  patient  should  be  kept  in  a  head-down  and 
right  up  (steep  left  lateral  Trendelenburg’s  position)  and  100 
percent  02  should  be  administered.  The  blood  gas  levels 
should  be  analyzed  and  corrected  accordingly.  The  gas  in 
the  right  ventricle  should  be  removed  with  a  central  venous 
catheter  if  possible.  If  there  is  any  arrhythmia,  atropine  and 
anti-arrhythmic  should  be  given.  In  case  of  ventricular 
fibrillation  there  may  be  need  of  DC  defibrillator. 

What  would  you  select  the  pressure  insufflator  at 
the  start  of  diagnostic  laparoscopy  in  an  adult 
healthy  patient? 

If  general  anesthesia  is  employed  the  starting  flow  rate  is  set 
at  1  L/minute,  12  mm  Hg  and  volume  2  to  3  L. 

During  diagnostic  laparoscopy  under  local  anesthesia 
insufflation  is  begun  at  a  flow  rate  of  1  L/min.  Initial  low 
pressure  2  to  3  mm  Hg  and  volume  not  exceeding  2  L. 

What  would  you  do  when? 

High  pressure  is  registered  when  C02  is  insufflated  in 
the  VN  before  the  needle  has  been  placed  in  the  body 

•  Veress  needle  may  be  blocked 

•  The  gas  tap  may  not  be  opened 

•  Gas  tube  may  be  kinked. 

The  tap  should  be  checked  for  right  direction  and  the 
needle  should  be  flushed  with  saline  to  ensure  that  it  is  not 
blocked.  The  faulty  Veress  needle  should  be  changed. 

High  pressures  (10  or  15  mm  Hg)  are  obtained 
during  insufflation  at  1  L/min 

•  The  needle  may  be  in  the  wrong  plane  and  not  in  the 
peritoneal  cavity. 

•  Gas  tap  or  needle  may  be  partially  blocked. 


Right  plane  of  insertion  of  needle  should  be  checked  by 
the  saline  drop  test  and  negative  aspiration  test.  If  the  problem 
continues  than  needle  should  be  withdrawn  and  reinserted. 

What  would  you  do  if  after  insufflation  and  on 
insertion  of  the  telescope? 

You  saw  gas  in  the  greater  omentum 

If  there  is  gas  in  the  greater  omentum  the  probability  is  that 
either  the  Veress  needle  or  the  trocar  has  entered  and  insufflated 
gas  into  it.  There  is  an  increased  risk  of  systemic  absorption  of 
C02  resulting  in  embolism.  The  necessary  precautions  to 
prevent  this  should  be  taken.  Antithrombotics  (Heparin)  should 
be  given,  the  patient  should  be  tilted  head  down  and  left  lateral 
and  100  percent  02  should  be  given  for  inspiration. 

Only  fat  is  seen  and  there  is  no  crepitant  in  the 
abdominal  wall 

The  telescope  is  probably  in  the  omentum  and  should  be 
withdrawn  and  any  possible  injury  to  the  omental  vessel 
should  be  checked. 

What  action  would  you  take  when? 

You  are  unable  to  advance  trocar  into  abdomen 

If  the  trocar  is  a  disposable  one  confirm  whether  the  blade 
tip  is  charged  and  reintroduce.  Alternatively  the  tip  may  get 
discharged  half  way.  The  trocar  should  be  removed 
recharged  and  inserted  again.  If  it  is  a  reusable  trocar  the  tip 
may  be  blunt  in  which  case  it  would  be  better  to  use  a 
different  sharp  trocar. 

The  tip  of  the  obturator  is  seen  entering  the  abdominal 
cavity  during  insertion  of  a  secondary  trocar 

The  skin  incision  may  be  small  so  the  trocar  has  to  be 
removed,  the  incision  should  be  extended  and  the  trocar 
should  be  reinserted. 

List  the  safety  mechanisms  of  different  types  of 
trocars. 

Blunt  (Hasson)  trocar-blunt  with  insertion  under  direct  vision. 
This  type  of  trocar  works  on  the  safety  of  direct  vision 

Some  disposable  trocar  have  a  sharp  blade  with  a  spring 
loaded  safety  shield  which  cover  the  blade  tip  once  the 
peritoneal  cavity  is  entered.  This  spring  loaded  spring 
mechanism  reduces  the  risk  of  injury  to  the  underlying 
viscera  by  the  blade  tip. 

Other  disposable  trocars  require  charging  before  insertion 
and  when  the  tip  enters  the  peritoneal  cavity  the  blade  tip 
retracts  inside. 
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Reusable  trocars  have  triangular  and  conical  tips.  The 
triangular  tips  are  sharper  and  tend  to  cause  more  vascular 
injury. 

Some  disposable  trocars  have  a  screw  shaped  cannula, 
which  has  to  be  inserted  like  a  screw,  which  enables  the 
surgeon  to  have  more  control  over  the  force  with  which  he 
inserts  the  trocar.  These  have  an  additional  advantage  of 
not  slipping  out  during  the  procedure. 

Non-bladed  obturator  is  used  in  some  trocars  for  careful 
insertion  where  the  problem  of  charging  the  blade  tip  and 
its  potency  does  not  arise. 

Visiport  is  a  mechanism  in  which  the  telescope  is  inserted 
into  the  cannula  and  the  gun  is  fired  through  the  abdominal 
wall  visualizing  each  layer  until  the  peritoneal  cavity  is  reached. 
The  trocars  are  thus  inserted  under  vision  layer  by  layer. 

Radially  dilating  trocars  are  also  available.  It  has  the 
advantage  of  entry  through  a  very  small  incision  and  then 
incision  can  be  dilated  with  the  serial  dilator. 

Ultrasonically  activated  trocar  system  is  used  in  some 
high-risk  patients.  It  consists  of  an  ultrasonic  generator  and 
a  transducer  attached  to  the  trocar  spike. 

The  sharp  pyramidal  tip  is  activated  with  a  frequency  of 
23.5  kHz  and  amplitude  of  150  micrometers.  The  trocar  fits 
a  5  mm  plastic  sheath  that  is  introduced  inside  a  10  mm 
dilator  whose  tip  is  conical. 

List  the  factors  that  contribute  to  increase  the  risk 
of  complications  with  using  Veress  needle. 

•  Faulty  needle  -  dysfunctional  spring  tip 

•  Wrong  method  of  insertion 

•  Not  guarding  the  needle  and  not  inserting  like  a  dart 

•  Uncontrolled  forceful  insertion  of  needle 

•  Wrong  angle  of  insertion,  i.e.  directing  straight  down, 
instead  of  towards  the  pelvic  cavity 

•  Excessive  force  from  shoulder  rather  than  wrist  while 
inserting 

•  Previous  abdominal  surgery  and  scarred  abdomen 

•  Thin  scaphoid  individual:  Risk  of  deep  entry 

•  Spinal  deformities:  Kyphoscoliosis 

•  Late  pregnancy 

•  Morbid  obesity 

•  Organomegaly 

•  Portal  hypertension. 

PROCEDURE  CHECKLISTS:  VERESS 
NEEDLE  INSERTION 

Check  and  Set  the  Insufflator 

Pressure  Level  and  Flow  Rate 

Initial  flow  rates  should  be  set  at  around  1  L/min.  Optimal 
exposure  is  obtained  with  intra-abdominal  pressures  of  12.0- 
16.0  mm  Hg.  Lower  pressures  (e.g.  10  mm  Hg)  may  give 


adequate  visualization,  especially  in  women  with  lax 
abdominal  walls.  This  causes  less  stretching  of  the 
diaphragm,  possibly  reducing  postoperative  pain.  Low 
pressure  pneumoperitoneum  may  be  used  in  conjunction 
with  techniques  to  lift  the  abdominal  wall  in  patients  with 
impaired  respiratory  or  cardiac  states.  An  initial  setting  of 
10.0-15.0  mm  Hg  is  recommended  for  routine  procedures. 

•  Connect  gas  supply  to  Veress  needle. 

•  Check  gas  flow,  needle  patency  and  spring  loaded  central 
blunt  stylet. 

•  Palpation  test. 

•  Assessment  of  abdominal  wall  thickness  by  palpation 
with  the  fingers  down  to  the  aorta. 

•  Make  a  small  skin  incision. 

•  Tension  abdominal  wall  and  insert  needle. 

The  safest  technique  is  to  hold  the  needle  at  a  point 
along  its  shaft  at  a  distance  from  the  tip  which  equates  with 
that  estimated  by  palpation  as  the  abdominal  wall  thickness. 
The  other  hand  holds  up  the  abdominal  wall,  providing 
counter  tension  as  the  needle  is  “threaded”  in.  You  should 
be  able  to  feel  the  needle  puncture  two  distinct  layers.  Once 
the  sharp  tip  enters  the  peritoneal  cavity,  the  spring  loaded 
blunt  stylet  is  released  with  an  audible  (palpable)  click. 

Check  that  the  Needle  is  in  the  Correct  Position 

A  number  of  tests  exist  to  confirm  correct  positioning  of  the 
needle  tip. 

•  Aspiration:  Uses  a  saline  filled  syringe 

•  Saline  drop  test:  Uses  a  drop  of  saline  in  the  Veress 
needle  hub 

•  Negative  pressure  test:  Retraction  of  the  anterior 
abdominal  wall 

•  Early  insufflation  pressures 

•  Volume  test:  Approximate  3  liters  of  gas  are  required  to 
reach  pressures  of  10  mm  Hg. 

If  an  extraperitoneal  position  is  suspected  the  needle 
can  be  withdrawn  and  repositioned.  The  number  of  passes 
required  should  be  recorded.  If  a  small  amount  of  blood  is 
aspirated,  reinsertion  is  justified.  If  large  amounts  of  blood 
escape  up  the  needle,  laparotomy  is  indicated.  If  bowel 
content  is  aspirated,  the  needle  is  withdrawn  and  reinserted 
in  another  location.  Subsequent  inspection  and  adequate 
treatment  for  bowel  injury  is  mandatory. 

Insufflate 

After  a  minimum  of  one  liter  of  gas  has  been  insufflated  and 
needle  position  has  been  confirmed,  the  rate  may  be 
increased  for  more  rapid  filling.  Periodic  checks  should  be 
made  of  symmetric  distension  and  abdominal  resonance. 
Once  the  desired  pressure  has  been  reached,  close  the  gas 
tap  on  the  needle  and  withdraw  it. 
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Use  of  the  Diathermy  Hook 

•  Use  a  metal  trocar 

•  Pass  the  hook  through  an  introducer  tube  or  manually 
open  the  valve  of  the  cannula  to  protect  the  hook  from 
damage.  Trumpet  type  valves  necessitate  the  use  of  the 
introducer. 

•  Select  the  tissue  to  be  divided.  Y ou  may  require  inserting 
the  hooks  tip  parallel  to  the  margin  of  the  structure  and 
then  rotating  it  away  to  hook  up  tissue.  You  may  need 
to  use  sweeping  movements  to  separate  the  tissues.  Do 
not  lift  too  large  an  amount  of  tissue.  Several  small  “bites” 
are  more  effective  and  safer.  Work  away  from  important 
structures. 

•  Inspect  the  tissue  on  the  hook. 

•  Be  aware  of  possible  additional  contact  points. 

•  The  camera  operator  may  need  to  withdraw  slightly  to 
prevent  the  lens  being  splattered. 

•  Coagulate  and/or  cut  the  tissue  on  the  hook. 

•  Control  any  possible  overshoot. 

•  Continued  dissection  using  this  technique  may  require 
the  hook  to  be  cleaned  of  charred  material  withdraw 
and  clean  with  the  supplied  implement  until  clean. 
Smoke  is  generated  if  charring  occurs,  this  can  obscure 
the  field.  Open  a  tap  on  one  of  the  cannula  to  allow  gas 
to  escape  from  the  abdomen.  This  will  automatically  be 
replaced  by  fresh  gas  from  the  insufflator. 

•  When  dissection  is  finished,  watch  the  hook  into  the 
introducer  tube  as  tissue  may  accidentally  catch  up  and 
get  damaged. 

•  Open  the  cannula  valve  if  necessary  to  prevent  damage 
to  the  hook. 

Introduction  of  a  Pledget  into 
the  Abdominal  Cavity 

•  A  traumatic,  ratcheted  grasper  or  a  spiked  biopsy  forceps 
is  passed  through  the  introducer  tube  externally. 

•  The  pledget  is  placed  in  the  open  jaws,  making  sure  that 
enough  pledget  is  placed  between  the  jaws  for  a  secure 
grip  and  enough  pledget  protrudes  so  that,  in  use,  the 
grasper  does  not  act  on  the  tissues. 

•  The  grip  is  secured  by  closing  the  jaws,  doing  up  the 
racket  and,  as  an  added  precaution  against  intra¬ 
abdominal  loss,  an  elastic  band  is  used  to  ensure  closure 
is  maintained. 

•  The  pledget  is  then  completely  withdrawn  into  the 
introducer  tube. 

•  The  introducer  tube  is  passed  through  a  large  cannula 
into  the  abdominal  cavity. 

•  The  pledget  can  now  be  extruded  from  the  introducer 
and  used. 


Retrieval  of  a  Pledget  from  the  Abdominal  Cavity 

•  When  the  pledget  is  no  longer  required  it  is  withdrawn 
inside  the  introducer  tube.  It  is  extremely  important  that 
the  camera  follows  the  instrument  and  the  pledget  is 
seen  to  enter  the  tube. 

•  The  tube  can  then  be  withdrawn  from  the  cannula 

•  The  pledget  is  extruded  from  the  lower  end  and  released 
from  the  grasper. 

Application  of  Metal  Clips 

Is  clip  appropriate  or  would  it  be  better  to  use  a  ligature? 

•  Load  the  clip  applicator. 

•  Insert  through  an  appropriate  cannula. 

•  Place  the  jaws  around  the  structure  to  be  ligated 

•  Check  for  correct  placement  by  observing  from  different 
angles  or  rotating  the  instrument. 

•  Partially  close  the  instrument  (This  traps  the  tissue  to  be 
ligated  and  it  can  again  be  checked). 

•  Firmly  close  the  jaws. 

•  Open  and  withdraw.  Single  clips  should  not  be  trusted 
for  vessels  of  any  size. 

How  do  laparoscopy  on  the  abdomen  with 
previous  scar? 

The  patient  with  previous  abdominal  surgery  is  at  high-risk 
for  minimal  access  surgery.  In  these  patients  following 
techniques  should  be  used: 

•  The  open  insufflation  technique 

-  Hasson  technique 

-  Fielding  technique 

•  Pneumoperitoneum  should  be  created  with  a  Veress 
needle  by  selecting  an  alternate  site  of  insertion  distant 
from  the  old  abdominal  incision 

•  Insufflations  with  a  Veress  needle  inserted  in  posterior 
vaginal  fornix  or  transuterus  route 

•  Insertion  of  optical  trocar-  primary  port. 

Hasson’s  Technique 

This  is  a  very  safe  technique  to  enter  the  abdomen,  especially 
in  patients  with  scarred  abdomen  from  multiple  previous 
surgeries. 

This  is  an  open  technique  where  surgeon  can  see  what 
he  is  doing.  It  is  performed  in  an  area  of  the  abdomen  distant 
from  previous  scars  and  likely  to  be  free  of  adhesions.  After 
the  induction  of  anesthesia  1  cm  horizontal  incision  is  made. 
Blunt  dissection  is  carried  out  until  the  underlying  fascia  is 
identified.  The  fascia  is  elevated  with  a  pair  of  Kocher’s 
clamps.  Adherent  subcutaneous  tissue  is  gently  dissected 
free.  It  is  then  incised  to  permit  entry  of  trocar  into  the 
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peritoneal  cavity.  Two  heavy,  absorbable  sutures  are  placed 
on  either  side  of  the  fascial  incision  just  like  repair  of  umbilical 
hernia.  Care  must  be  taken  when  applying  these  sutures 
not  to  injure  the  underlying  viscera.  The  Kocher  clamps  are 
next  removed,  and  10  mm  blunt  trocar  is  advanced  into  the 
peritoneal  cavity.  The  obturator  is  removed  and  the  sleeve 
is  secured  in  position  with  the  previously  placed  two  sutures. 
The  sleeve  of  the  trocar  is  wrapped  with  vaseline  gauze  to 
prevent  leakage  of  insufflated  gas  around  the  trocar. 

Open  Fielding  Technique 

This  technique  developed  by  Fielding  in  1992  involves  a 
small  incision  over  the  everted  umbilicus  at  a  point  where 
the  skin  and  peritoneum  are  adjacent.  Pneumoperitoneum 
can  be  created  using  Fielding  technique  in  patients  with 
abdominal  incisions  from  previous  surgery  providing  there 
is  no  midline  incision,  portal  hypertension  and  re-canalized 
umbilical  vein,  and  umbilical  abnormalities  such  as  urachal 
cyst,  sinus  or  umbilical  hernia  present.  A  suture  is  not  usually 
required  to  prevent  gas  leakage  because  the  umbilicus  has 
been  everted  (so  the  angle  of  insertion  of  the  laparoscopic 
port  becomes  oblique)  and  the  incision  required  is  relatively 
small.  However,  one  may  be  needed  to  stabilize  the  port. 
Thorough  skin  preparation  of  the  umbilicus  is  carried  out 
and  the  everted  umbilicus  (with  toothed  grasping  forceps) 
is  incised  from  the  apex  in  a  caudal  direction.  Two  small 
retractors  are  inserted  to  expose  the  cylindrical  umbilical 
tube  running  from  the  undersurface  of  the  umbilical  skin 
down  to  the  linea  alba.  This  tube  is  then  cut  from  its  apex 
downwards  towards  its  junction  with  the  linea  alba.  Further 
blunt  dissection  through  this  plane  permits  direct  entry  into 
the  peritoneum.  Once  the  peritoneal  cavity  is  breached  the 
laparoscopic  port  (without  trocar)  can  then  be  inserted 
directly  and  insufflations  started.  A  blunt  internal  trocar 
facilitates  insertion  of  this  port  and  an  external  grip  that  can 
be  attached  to  the  port  to  secure  it  in  position. 

The  Advantages  of  Using  the  Open 
Technique  are  Many 

•  The  incidence  of  injury  to  adhared  organ  although  not 
eliminated  is  significantly  reduced  by  entry  into  the 
peritoneal  cavity  under  direct  vision. 

•  There  is  a  decreased  risk  of  injury  to  the  retroperitoneal 
vessels.  The  obturator  is  blunt  and  the  angle  of  entry  allows 
the  surgeon  to  maneuver  the  cannulas  at  an  angle,  which 
avoids  viscera,  while  still  assuring  peritoneal  placement. 

•  The  risk  of  extraperitoneal  insufflations  is  eliminated. 
Placement  under  direct  vision  ensures  that  insufflation 
of  gas  is  actually  into  the  peritoneal  cavity. 

•  The  likelihood  of  hernia  formation  is  decreased  because 
the  fascia  is  closed  as  part  of  the  technique. 


•  In  experience  hands,  the  open  technique  is  cost  effective. 
The  Hasson  technique  does  not  increase  the  operative 
time  required,  creating  a  pneumoperitoneum  and  may 
even  lessen  it. 

Alternative  Sites  for  Introducing  Veress  Needle 

For  avoiding  the  injury  to  the  adhered  portion  of  bowel  in 
the  patient  with  previous  abdominal  surgeries,  the  alternative 
site  for  the  introduction  of  Veress  needle  can  be  chosen 
other  than  umbilicus. 

For  Previous  Laparotomy  with  Midline  Incision 

For  a  previously  operated  abdomen  with  a  midline  incision, 
Veress  needle  should  be  placed  in  the  upper  left  quadrant 
of  the  abdomen  just  lateral  to  the  rectus  sheath.  The 
preperitoneal  space  in  hypochondriac  region  is  more  easily 
insufflated  than  at  the  umbilicus.  The  Veress  needle  at 
hypochondriac  region  need  to  be  passed  more  deeply  into 
the  abdomen  in  order  to  enter  the  peritoneal  cavity  because 
all  the  layers  of  abdomen  are  present  here  and  there  is  a 
thick  layer  of  muscle  as  well.  The  right  upper  quadrant  should 
be  avoided  because  of  the  size  of  the  liver  and  the  presence 
of  the  falciform  ligament.  There  is  some  report  of  injury  to 
liver  if  the  liver  is  enlarged  or  the  careless  insertion  of  veress 
needle  to  right  hypochondrium  is  performed. 

For  a  Previous  Laparotomy  with 
Upper  Midline  Incision 

In  patient  with  scar  on  the  upper  midline  of  abdomen  the 
Veress  needle  should  be  placed  in  the  right  lower  quadrant, 
the  left  lower  quadrant  should  generally  be  avoided  since  in 
older  patients  there  are  usually  sigmoid  adhesions  in  the 
left  lower  quadrant. 

For  Previously  Operated  Abdomen  with  a  Solitary 
Incision  in  an  Upper  or  Lower  Abdominal  Quadrant 

In  a  patient  with  the  scar  in  the  upper  or  lower  abdominal 
quadrant,  the  Veress  needle  should  be  passed  in  the  opposite 
abdominal  quadrant  just  lateral  to  the  rectus  muscle.  The 
left  lower  and  right  upper  quadrant  should  be  avoided  if  it 
is  possible. 

For  Patient  with  Previously  Operated 
Abdomen  in  Multiple  Quadrants 

In  these  patients  a  Veress  needle  or  open  cannula  in  an 
area  farthest  from  the  existing  abdominal  scar  should  be 
used.  When  there  is  any  confusion  regarding  the  presence 
of  adhesion  inside  the  abdomen  where  Veress  needle  has 
to  go,  the  open  cannula  technique  should  be  used. 
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Transvaginal  or  Transuterine  Insufflation 

Some  surgeons  prefer  to  introduce  Veress  needle  through 
the  posterior  fornix  or  though  the  uterus  in  female  with 
previous  abdominal  surgery.  Although  this  method  of 
pneumoperitoneum  is  now  very  popular  the  placement  of 
a  needle  via  the  posterior  fornix  has  been  demonstrated  to 
be  safe.  If  this  route  of  pneumoperitoneum  has  been  chosen, 
then  the  needle  must  be  placed  in  the  midline  about  1.75 
cm  behind  the  junction  of  the  vaginal  vault  and  smooth 
epithelium  of  external  OS  (Figs  50.1  A  and  B). 

Insufflation  with  an  Optical  Trocar  (Visiport) 

This  is  one  of  the  techniques  used  for  performing 
laparoscopic  procedures  in  patient  with  previous  scarred 
abdomen.  An  incision  of  1  cm  long  is  made  in  the  area  of 
the  abdominal  wall  distant  from  the  previous  scars.  The 
littlewood  forceps  is  used  to  elevate  the  abdomen.  The 
visiport  optical  trocar  is  introduced  with  telescope.  The 
optical  trocar  is  advanced  slowly  through  the  different 


Figs  50.1  A  and  B:  Transvaginal  route  of  insufflation 


planes  of  the  abdominal  wall.  The  blade  at  the  tip  of  the 
visiport  cuts  the  tissue  which  is  visible  so  there  is  very  less 
chance  of  injury  to  intra-abdominal  organ  if  the  surgeon  is 
experienced. 
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bilateral  hernia  209/ 
hydatid  cyst  of  left  lobe  282/ 
laparoscopic  gastric  banding  507/ 
left  sided  hernia  209/ 


right  sided  hernia  209/,  210/ 
surgical  team  210/ 
site  metastasis  311 
Portal  hypertension  582 
Position  of 
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Reusable  graspers  37/ 

Right  colectomy  314 
Ring  loading  356/ 

Ringer’s 
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Sharp  dissection  104 
Shoulder 

arthroscopy  501 1 
joint  501 

Sickle  cell  disease  195 
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Sleeve  gastrectomy  262,  262/,  270 t,  510 
Sliding  hernia  239 
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Tension-free  vaginal  tape  413,  414/,  415 
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laparoscopic  hysterectomy  396 
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Treatment 
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TV  system  31 1 
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dissection  103,  115 
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injuries  443 
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resection  and  ureteroureterostomy  446 
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Urinary 
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system  382 
tract 

infection  343 
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artery  392/ 
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myoma  393 
perforation  432 
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hysterectomy  393,  399 
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Vascular 

injury  219,  232 
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repair  226/ 
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cannula  230 
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technique  228 
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